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Reproduction of High-Acuity Aerial Photography 


ALBERT W. BERG, Reconnaissance Laboratory, Aeronautical Systems Division, U.S. Air Force, 
Wright-Patterson Air Force Base, Ohio | 


Enormous advances in the quality of aerial photography have been accomplished in the past 
decade, but little attention has been given to the problem of reproducing this photography for 
distribution to the ultimate user. Current materials for photographic reproduction, as well as 
the methods and procedures employed, must be improved or changed so that duplicate nega- 
tives and release positives of very-high-quality aerial negatives can be produced with insignifi- 
cant loss. 

Recent experiments conducted at the Aeronautical Systems Division, USAF, have proved that 
contact methods of reproduction contribute substantial losses in information content of high- 
resolution photography. New experimental duplicating materials were found to provide 
some improvement, but contrast control of these materials was difficult. It was demonstrated 
that the losses are minimized when the first reproduction step is made by enlargement, so 
that the specific resolution level of the subsequent steps is low. Methods of measuring and 
evaluating the performance of photographic reproduction processes and the relationship of 


these measurements to actual performance is discussed. 


In the past decade, rapid strides have been made in 
improving the quality of aerial negatives. We now 
think of 30 to 40 lines/mm as minimum for opera- 
tional-system performance, with 50 to 60 lines/mm 
desirable. Systems are in development which will 
fesolve 80 to 100 lines/mm and even somewhat 
Bigher. Such quality has already been demon- 
Gated experimentally with photographs taken 
from the air. 

Current methods of reproduction of aerial pho- 
tography have not kept pace with the quality level 
@f the aerial photographic systems they must sup- 
port. New methods, materials, and techniques are 
feeded and are being pursued to improve the state 
of the art of photographic reproduction. The Re- 
fonnaissance Laboratory, Aeronautical Systems Divi- 
Sion, has conducted an experimental program of ap- 
plied research to improve the photographic reproduc- 
fon capability of the Air Force. The experiments 
Were aimed at determining the current capability 
for reproducing real aerial negatives, at evaluating 
any increase in capability with the use of new ex- 
perimental duplicating materials, and at devising 
@ adapting new methods to minimize quality 
Mees. Several generations of reproduction of 
Wery-high-resolution aerial negatives with insignifi- 
fant loss was the goal. 


Measurement Methods 


All experiments were conducted using as a meas- 
Mement tool MIL-STD resolution targets. Both 
Migh-contrast targets with a brightness ratio of 
More than 100 to 1 (log brightness difference of more 
@an 2.0) and low-contrast targets with a brightness 


Stented at the Annual Conference, Binghamton, N.Y., 24 May 1961. 
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ratio of 1.6 to 1 (log brightness difference of 0.2) were 
used. High-contrast targets are generally more 
popular for measuring component performance be- 
cause they are easier to make at the higher resolution 
levels, and also because the higher resolutions 
achievable serve to amplify the differences in per- 
formance of components and make the results more 
reproducible. 

Certainly, from a theoretical standpoint, low- 
contrast targets should be used for system evalua- 
tion, as they are more indicative of aerial perform- 
ance. The contrast of barely resolved military 
target ground detail to its immediate surroundings is 
likely to be quite low, even though the over-all 
brightness range of the scene of which it is a part 
could be quite high. From high altitudes, atmos- 
pheric haze further contributes a substantial degra- 
dation to image contrast. Further detailed analysis 
of image contrast and photographic tone reproduc- 
tion is beyond the scope of this paper. 

In measuring the performance of an aerial camera, 
nice, sharp targets give results indicative of the op- 
erational performance of the camera, providing the 
target contrast equals the detail ground contrast as 
seen at the lens, and atmospheric turbulence is 
relatively too small to be a factor. This is true be- 
cause real ground objects actually have sharp edges, 
as do the targets. However, in reproduction of aerial 
photography, the detail on the original negatives at 
the limits of resolution is not nice and sharp. It is 
just barely resolved, by definition. It is important 
to realize that performance of a reproduction process 
as normally measured with sharp targets does not 
represent the level of barely resolved quality that the 
process can maintain. For example, a process that 
can just resolve 100 lines/mm from nice, sharp 
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Fig. 1. Reproduction of high-quality aerial photograph of nominally high-contrast resolution targets at Wright-Patterson Air Force Base. 


targets will fall far short of retaining 100 lines/mm 
from negatives on which the resolution is just 
barely 100 lines/mm. No correlation between these 
two performances has as yet been devised. Sine- 
wave response analysis of photographic images 
appears promising as a new approach for photo- 
graphic quality evaluation throughout the process, 
but has not yet reached the stage of being a useful 
measurement tool for this purpose. 


Contact Reproduction Experiments 


The current method in use for duplicating aerial 
negatives is contact printing. A continuous-strip 
contact printer using standard Type G-2 aerial 
duplicating film can resolve approximately 90 lines 
mm from a well-defined high-contrast target. This 


capability is sufficient to reproduce negatives con- 


taining a quality level of 30 to 40 lines mm with 
little or no loss. Duplicating printers have colli- 
mated or point light sources to reduce to a minimum 
light scattering in the emulsions. Good contact 
during exposure is also an essential requirement of 
a duplicating printer. 

In a point-source contact printer, the primary 
limitation to achievable resolution is the duplicat- 
ing material itself. It is sufficient to say that for 
contact printing of high-resolution negatives a colli- 
mated source of illumination and a good degree of 
contact must be maintained. Deviations of the 
collimation of the light source and the degree of 
contact produce second-order effects, which in some 
cases may be important and must be carefully con- 
trolled, but generally are of much less importance 
than the capability of the duplicating material used. 

The first part of the experimental program con- 
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sisted of extensive tests to determine the capability of 
several types of duplicating material in a three-step 
reproduction process using contact printing. For 
this program an actual high-quality aerial negative 
taken during an experimental flight over the nomi- 
nally high-contrast resolution targets at Wright 
Field was used (see Fig. 1). This particular nega- 
tive resolved 90 lines/mm. The effective contrast of 
this target on the negative was nearer medium than 
high, due to paint deterioration on the ground target 
and atmospheric haze. This photograph was re- 


produced by contact printing on standard Type G-2 
aerial duplicating material, processed throughout 
in D-76 developer for 4 min at 68°F to a gamma of 
approximately 1, through four generations (that is, 
through the second positive). 

Various available printing equipments were tested, 
a typical example of which is the EN-4 Continuous 
Contact Printer. The results are depicted in Fig. 
2. It can be seen that in each generation some- 
thing is lost, the amount of loss being greater at 
the higher resolution levels, and, that apparently, 
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after a level of about 35 lines/mm, further reproduc- 
tions will produce insignificant loss. However, even 
with the ultimate in methodology (a point source 
and printing frame), over half the original resolution 
was lost by the fourth generation. 


A second sequence of tests was initiated, using 
newer experimental duplicating materials furnished 
by Eastman Kodak Company. For this series of 
tests, a high-contrast resolution target containing a 
barely resolved 128 lines/mm was used as the orig- 
inal negative or Step 1. This negative was repro- 
duced on Kodagraph 5464 Fine Grain Print Film 
through the fourth generation, using a point light 
source and a printing frame. The results are shown 
as the dotted curve in Fig. 3. Here the leveling-off 
of resolution is considerably higher than for the G-2 
film, being at a level of approximately 85 lines mm. 
This is a significant improvement in resolution capa- 
bility, but the very important consideration of 
tone reproduction has been neglected. The use of 
high-contrast targets is not realistic, as previously 
discussed. In addition, the curve for the high-con- 
trast target in Fig. 3 was obtained when the material 
(5464) for each successive duplicating step was 
processed to a gamma of 1.6 by development in D-19 
for 3 min at 68°F. Through three successive repro- 
duction steps under these processing conditions, 
the over-all gamma, or contrast increase, from the 
original to the fourth generation is a factor of 4.1. 
Of course, this contrast increase is intolerable for 
most aerial negative duplication. While it is desir- 
able in an aerial duplicating material for the gamma 
to be controllable up to perhaps 2.0, it is essential 
that a gamma of unity, and even less, be readily 
achievable and controllable. 


In order to obtain a more realistic performance 
evaluation of 5464 Film, a low-contrast resolution 
target with a density difference of 0.26 and a resolu- 
tion of 128 lines/mm was prepared and used as a 
negative. This target was reproduced, using East- 
man SO-278 Fine Grain Printing Film (similar to 
5464), through four generations, again using a 
point light source and a printing frame. The re- 
sults are plotted as a solid line in Fig. 3. The same 
curve shape is evident with somewhat less resolution 
capability. For this experiment, the duplicating 
material was processed in D-76 developer for 2 min 
at 68°F, in order to attempt to achieve unity 
gamma. Even though this process with this film 
produces an apparent gamma of approximately 1, the 
density diffe-.nces of the target increased uncontrol- 
lably from v.26 on the original to 0.62 on the fourth 
generation, for an over-all contrast increase by a 
factor of 2.38. This emphasizes that the fight 
against gamma increase in duplicating material is 
difficult indeed. It can be seen that this material 
can apparently duplicate negatives of low-contrast 
resolution up to 70 lines /mm through several genera- 
tions with insignificant loss. The only current 
problem with this material is the relative inability 
to control the contrast. Different development 
times in the same developer change the material 
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speed, but have very little effect on gamma. The 
material has only '/).th the speed of G-2, but this is 
not a significant deficiency. 

Several other experimental materials of even finer 
grain and slower speed were also tested, but it was 
impossible to achieve a gamma low enough with 
adequate scale for a practical reproduction material, 
so further resolution testing of these materials was 
abandoned. 

One firm conclusion can be drawn from the results 
of the contact printing experiments by observing the 
characteristics of the curves. This is the key fact 
that in contact printing the percentage of loss is related 
directly to the level of resolution of the image to be re- 
produced. 

While there is hope that materials and printing 
techniques may ultimately be improved to such a 
high level that 100 lines/mm is so far down on the 
quality scale that it can be reproduced by contact 
methods without significant loss (as is our current 
30 to 40 lines'mm photography), this will not be 
easy. Better materials with finer grain, good tonal 
range, and desirable contrast characteristics are 
essential. 


Enlargement in First Reproduction Step 


There is another facet to the problem which, with 
the clue in the key statement above, opens the door 
to a simple solution. Aerial photography is widely 
used. There are many customers and frequently 
each of several major customers requires a copy 
which can be further reproduced. This means that 
for production of the ultimate product a series of 
three reproduction steps are necessary using normal 
silver halide methods. (Negative to master positive 
to duplicate negative for distribution and then to 
final or release positive for use.) In three-step con- 
tact printing of a high-quality negative, a large loss 
in quality is inherent in each of the three steps (Fig. 
2). 

Now, if the specific level of resolution can be re- 
duced in the first step without losing any of the in- 
formation in the picture, then no further reproduction 
losses need be incurred. This can be done by 
applying a magnification factor in the first reproduc- 
tion step by projection printing or enlarging. 

Enlarging applies a scale factor to the entire pic- 
ture. A line and a space '/jmm on the original 
negative when enlarged four times becomes '/»; mm 
on the reproduction for the same line and space, 
assuming no loss. This product is, of course, equiv- 
alent in detail information content to a contact 
reproduction with a perfectly reproduced resolution 
of 100 lines/mm. The enlarged scale of this first 
stage reproduction has decreased the specific resolu- 
tion to 25 lines/mm. Further contact reproductions 
can be made from this enlargement at the lower 
resolution level with negligible loss, even using our 
current standard materials, equipment, and methods. 

Present high-quality projection printers are capable 
of enlarging with losses comparable to or less than 
those incurred in the first stage of contact printing. 
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In order to illustrate the point that much is to be 
gained throughout a three-step process by enlarging 
in the first step, the 90 lines’ mm aerial negative of 
Figs. 1 and 2 was again reproduced through the 
fourth generation, using standard G-2 aerial dupli- 
cating material processed as before. This time, the 
first step consisted of projection printing through 
each of two standard projection lenses and then 
subsequent reproduction by contact. The lenses 
used were: (1) a 2.5-in. focal length f 4.0, designed 
by Perkin-Elmer Corp. for a magnification ratio of 
8.4 x from a 24- by 36-mm format and (2) a 4-in. 
focal length f 4.0 designed by Perkin-Elmer Corpora- 
tion for a magnification ratio of 4 X from a 2% by 
2\j-in. format. The results are shown in Fig .4, 
which also shows the best contact printing results 
from Fig. 2, using a point light source and a printing 
frame and the same negative. Where the fourth 
generation of contact printing was able to retain only 
40 lines’ mm, the enlargement (and subsequent con- 
tact) processes through the 4 x and 8.4 X lenses were 
able to retain resolutions equivalent to 55 and 85 
lines ‘mm, respectively, in the fourth generation. 


It is also apparent that the difference between the 
two enlargement cycles is attributable almost en- 
tirely to the losses through the lenses themselves and 
not to the subsequent contact steps, as they were at 
quite low specific rcsolution levels, being 15 and 10 
lines mm, respectively. The smaller lens is of 
higher quality because of the larger ratio of the con- 
jugate distances at the same fixed-object-to-image 
distance. Considerable improvement is possible in 
the performance of the 4 x lens, particularly if the 
designed angular coverage is reduced. The angular 
coverage of the lens could be kept small by the liberal 
use of focal length to fit the final format size desired. 
This will result in increased equipment size, but for 
most applications this factor is not significant. 


For comparison purposes the low-contrast resolu- 
tion target used as an original negative for Fig. 3 
was also reproduced through the 8.4 x lens and sub- 
sequently contact printed using SO-278 through the 
fourth generation and processed as before. Figure 
5 shows the low-contrast results of Fig. 3 and the 
additional data from the 8.4 x magnification cycle. 
The loss by enlargement can again be seen as quite ac- 
ceptable, compared to the loss suffered by straight 
contact printing. 


Enlargement of high-resolution aerial negatives 
has several other advantages in addition to the im- 
proved perfermance. These advantages are: 


(1) The requirements on duplicating materials 
can be easily met with current standard materials. 
Available low-resolution materials can be used 
throughout, resulting in manageable contrast con- 
trol as well as good tone and speed characteristics. 


(2) Interpretation of the photography is easier, 
even when using standard equipment and techniques. 
Interpretation of high-resolution pictures is difficult. 
In order to see the small detail, large magnifications 
and exotic viewing equipment are necessary. These 
magnifying devices, or microscopes, have narrow 
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field angles, so it is difficult to place the area of in- 
terest under the lens. Also, the area of interest is 
itself difficult to isolate by the unaided eye because 
of the small scale. 


(3) Problems in handling methods and procedures - 
for all materials except the original negative are 
minimized. At high-resolution levels, scratches and 
dirt on the materials become serious problems in 
all material-handling procedures. One microscopic 
scratch or piece of dust acquired anywhere during 
the life of the material can obliterate a substantial 
amount of detail on the material and all reproductions 
from it. Processing technicians, all personnel han- 
dling the materials, and the photo-interpreters them- 
selves must literally remain surgically clean at all 
times during their work. 


(4) Interpreters and users of aerial photography 
usually have equipment for handling 10- to 40-lines 
mm photography in the 9-in. size. As the quality 
of the aerial negatives increases, only one item in the 
entire reproduction and utilization process need be 
changed to accommodate the increased performance, 
and that is the first-generation enlarger. 

The only penalty in duplication at an enlarged 
scale is the increased quantity of materials.and the 
reproduction workload required to duplicate a given 
quantity of aerial negative. While this could be- 
come substantial and perhaps even prohibitive, de- 
pending upon the workload and the magnification 
ratio selected, specific operational problems or situ- 
ations must dictate the sacrifice in resolution per- 
missible vs. the quantity of materials to be handled, 
and hence, the optimum enlargement ratio selected. 
It must be remembered that the magnitude of the 
investment in acquiring very-high-resolution pho- 
tography is tremendous and for the most part must 
not be negated on the ground. 


Conclusions 


In conclusion, I would like to emphasize two 
points: 

(1) The specified or defined performance of a 
printer or a reproduction process is not necessarily 
indicative of its performance with respect to a real 
aerial negative, because of the way resolution is de- 
fined. While it may be desirable to use high-contrast 
resolving-power targets for specifying eq. ment 
performance, certainly the performance of any 
equipment or reproduction process can better be 
related to actual performance by testing and analyz- 
ing with low-contrast resolution targets. A _ high- 
quality aerial photograph containing resolution 
targets is highly desirable as a test target, if ob- 
tainable, because realistic contrasts or tone quality 
as well as resolution must be maintained throughout 
the reproduction processes. If an original negative 
is not available, another solution for a realistic 
analysis is the use of a low-contrast resolution target 
in which the maximum and minimum densities are 
measured and controlled throughout a series of re- 
production steps. In the meantime, new methods 
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of image evaluation and analysis should be investi- 
gated. 

(2) The way to get high-density information 
out of a negative is by the same means as it went in, 
via a high-quality small-angle lens. The high- 
density information should be thinned out as soon 
as possible in the process to the level which can be 
handled by the current state of the reproduction art, 
and the rest will be easy. 
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Color in Memory in Relation 
to Photographic Reproduction 


C. J. BARTLESON, Research Laboratories, Eastman Kodak Company, Rochester, N. Y. 


A recent determination of the mean memory-colors that are associated with certain familiar 
objects which are frequently photographed has indicated that color shifts occur in all three 
dimensions of hue, saturation, and brightness. One other experiment in which memory-colors 
were determined also showed such color shifts. However, all experiments in which the general 
ability to remember colors was tested by successive color matching show that apparently only 
saturation and brightness are changed significantly in memory, and that remembered hues are 
essentially the same as those of the originals. 

An experiment has been performed which verifies the results of both types of memory experi- 
ments and clearly shows that such differences do exist, depending upon the type of memory 
experiment involved. The two tasks involve dissimilar frames of reference for the choices 


of remembered colors and, therefore, lead to the choice of colors which may have different chro- 
maticities. 


In color photography, observers rarely compare a 
reproduction with the original. Instead, the viewer 
must rely upon his memory of the colors of objects 
in the original scene whenever he evaluates the repro- 
duction. It often has been assumed that one of the 
objectives of a color process should be to reproduce 
exactly the chromaticities of the objects photo- 
graphed. However, it is now generally recognized 
that this requirement need not be met in order to 
produce an excellent color picture and, indeed, there 
is considerable doubt as to the desirability of exact 
chromatic reproduction. 

Recent experiments! have indicated that, for 
complexion colors, it may be more desirable to pro- 
duce the chromaticness that the observer associates 
with the original object rather than its exact chro- 
maticity. It is well known that people do not re- 
member exactly the colors that they have previously 
perceived. The problem of color memory is, then, 
germane to the study of photographic reproduction 
quality if we are to learn more about the require- 
ments for optimum color reproduction. 

In general, experiments in color memory may be 
put into one of two general categories: general 
color memory and memory-colors for familiar ob- 
jects. The distinction is made here between an 
observer’s general ability to remember and repro- 
duce or recognize abstract colors and an observer’s 
remembered colors associated with familiar objects. 


Communication No. 2183 from the Kodak Research Laboratories, pre- 
sented at the XVII Annual Invitational Vision Research Conference, 
Ohio State University, Columbus, Ohio, 22 June 1960; and at the Annual 
Conference of the Society of Photographic Scientists and Engineers, 
Binghamton, New York, 22 May 1961. Received 8 August 1961. 


l. C.J. Bartleson, Phot. Sci. Eng., 3: 114 (1959). 


A sizable number of successive color-matching 
(color-memory) experiments have been reported. 
A number of these have been reviewed by Newhall, 
Burnham, and Clark.? Considerably fewer ex- 
perimental papers have dealt with memory-colors 
for familiar objects. 

Adams? reported an experimental study of mem- 
ory-color and related phenomena in which observers 
attempted to match the colors associated with 
objects they had just directly perceived. Her re- 
port indicates that the attempt to quantify the re- 
sults of this experiment met with considerable diffi- 
culty. In 1958, Hellmig‘ reported an experiment on 
color memory. He used the term “memory-color” 
(Erinnerungsfarbe), but it is obvious from the de- 
scription of the experiment that the task involved 
centered about successive color-matching of ab- 
stract color patches. An experiment in which 30 
observers indicated their memory-colors for familiar 
objects was conducted by Newhall and Pugh in 1947 
but reported in 1957 as “Supplementary Experi- 
ment 3”? to a paper by Newhall, Burnham, and 
Clark.2 Recently, the author reported a memory- 
color experiment involving 10 familiar object 
concepts and 50 observers.’ 

Experimental results of successive color matching 
indicate that saturation and lightness tend to change 
in memory, but hue remains essentially the same. 


2. S. M. Newhall, R. W. Burnham, and J. R. Clark, J. Opt. Soc. Am, 
47: 43 (1957). 


G. K. Adams, Am. J. Psychol., 34: 359 (1923). 
E. Hellmig, Farbe, 7: 65 (1958). 
C. J. Bartleson, J. Opt. Soc. Am., 50: 73 (1960). 
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TABLE |. Munsell Specifications of Natural Colors and Mean Memory-Colors for 11 Familiar Objects 


Munsell specification of 
natural object-color 


Opdject-color 


Munsell specification of 
mean memory-color 


Deciduous foliage .17 GY/4.28/2.09 .88 G/3.38/3.97 
Green grass 50 GY/6.10/4.70 .65 G/3.85/6.95 
Soil 25 Y/4.25/1.35 17 Y/3.09/2.90 
Blue sky 70 PB/6.2/3.60 84 BG/5.48/5.79 
Red brick 00 R/5.00/3.00 -.48 R/4.84/7.9%3 
Sand 00 Y/7.00/2.00 .60 GY/6.92/3.60 


Flesh (Caucasian) 
Tan flesh (Caucasian) 
Market lemons 
Market oranges. 
Fire-engine red 


RON 


20 YR/6.24/4.20 
90 YR/5.49/4.00 
37 Y/7.67/10.27 
18 YR/6.75/9.25 
85 R/3.28/7.12 


.50 YR/7.88/3.20 
.15 Y/5.78/2.91 
.05 Y/8.00/16.40 
.77 YR/5.33/13.73 
.86 R/3.28/14.10 


In general, there is an increase in saturation with 
memory and usually an increase in the lightness of 
light colors* and a decrease in the lightness of dark 
colors.® Collins’ reported hue shifts in a successive 
matching experiment in which she used spectral 
stimuli of 670, 588, 535, and 460.9 mu. However, 
evaluation of these changes in terms of Wright’s® 
data for just-perceptible color differences in these 
regions of color space, or by reference to MacAdam’s® 
color-matching ellipses, suggests that the shifts 
noted by Collins are not perceptually significant hue 
differences. 


By contrast, the two experiments in which mem- 
ory-colors for familiar objects were determined?’ 
have indicated statistically and perceptually signifi- 
cant hue shifts as well as changes in saturation and 
lightness with memory. 


Table I lists the Munsell Renotation specifications 
for eight of the author’s reported mean memory- 
colors and three additional memory-colors (market 
oranges and lemons and fire-engine red) that have 
been determined more recently. These are com- 
pared with the specifications for the average natural 
objects. Specification data for natural flesh and tan 
flesh are those of Buck and Froelich" for “average 
American” and ‘‘average individual erythema, fol- 
lowed by additional melanin for 18 hr.” Specifica- 
tions for average natural soil, sky, deciduous foliage, 
gras3, and red brick are from Hendley and Hecht."! 
The natural specifications for market oranges and 
lemons and fire-engine red were determined by the 
author. A sample of local fire-engine-red paint 
(coated on metal) and four representative samples 
each of lemons and oranges were measured on a 


6. R.M. Hanes and M. V. Rhoades, -J.Opt. Soc. Am., 49: 1060 (1959). 
7. M. Collins, Brit. J. Psychol., 22: 32 (1932). 

W. D. Wright, J. Opt. Soc. Am., 33: 632 (1942). 

D. L. MacAdam, J. Opt. Soc. Am., 33: 675 (1943). 

10. G. B. Buck and H. C. Froelich, Illum. Eng., 43: 27 (1948). 

11. C.D. Hendley and S. Hecht, J. Opt. Soc. Am., 39: 879 (1949). 


General Electric Spectrophotometer with an auto- 
matic tristimulus integrator.'2,) The CIE specifica- 
tions were then used to determine the corresponding 
Munsell Renotation designations. 

The mean memory-colors of Table I were deter- 
mined by having observers indicate which of 931 
Munsell patches, displayed on a neutral surround 
of about Value 5, best represented their memories of 
the object-color named. In the case of the lemon, 
orange, and fire-engine memory-colors, a uniform- 
field binocular colorimeter with an illuminated sur- 
round was used in order to provide stimuli having 
higher purities than would be available with re- 
flecting color patches. The three-degree sample 
field simulated the surface mode of appearance in 
the 73- by 84-degree illuminated surround field. 
Combined variances for 50 observers’ choices of 
Munsell hue, value, and chroma in the original eight 
memory-colors resulted in standard deviations de- 
scribing the three-dimensional variability ranging 
from about 4.3 to 6.2 Munsell units with an average 
of 5.2 units. This amounts to only about 43 attri- 
butive limens!* so it may be said that the observers 
were, on the average, quite consistent in their choices 
of memory-colors. The combined average varia- 
bility for seven observers’ choices of lemon, orange, 
and fire-engine memory-colors also resulted in 
standard deviations of the order of five Munsell 
units. 

Of the 11 memory-colors listed in Table I, only 
those for market oranges and lemons do not have 
significantly different hues from the natural object 
hues at the 2 !4 % significance level. The fact that 
these significant hue shifts are at variance with 
results reported for color-memory experiments 
suggests that the processes of color memory and 
memory-color may be significantly different. An 
experiment, therefore, was conducted in order to 
attempt to verify the existence of this difference and 
to explore the possibility of determining its general 
nature. 


12. W.E. White and D. L. MacAdam,.J.Opt Soc. Am., 47: 605 (1957). 
13. B. R. Bellamy and S. M. Newhall, J. Opt. Soc. Am., 32: 465 (1942). 
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TABLE Il. Comparison of Memory-Color and Color-Memory Specifications of Four Object-Colors to Mean Natural- 
Color Specifications 
ad a Average natural-color Mean memory-color Mean color-memory 

Object-color specification specification specification 
Blue sky 2.70 PB/6.20/3.60 9.84 BG/5.48/5.79 9.29 B/5.86/6.86 
Flesh (Caucasian) 1.20 YR/6.24/4.20 7.50 YR/7.88/3.20 0.71 YR/7.43/6.00 
Sand 2.00 Y/7.00/2.00 2.60 GY/6.92/3.60 1.64 Y/7.00/4.57 
Deciduous foliage 6.77 GY /4.28/2.09 _ 6.88 G/3.38/3.97 6.50 GY/5.64/5.71 


In order to do this, four 3- by 3-inch color patches 
of the type described by Breneman,"‘ having spectral 
reflectance distributions nearly identical with those 
of average natural flesh, blue sky, sand, and decid- 
uous foliage, were used, together with 931 Munsell 
patches in a successive color-matching experiment. 
Seven of the observers who had participated in the 
original memory-color experiment’ served in this 
experiment. The viewing conditions and experi- 
mental method were, insofar as possible, identical 
for the two experiments. One object-color patch 
was viewed by an observer for 15 sec against a 
neutral surround of about Value 5. The patch was 
then removed and the observer searched the array 
of Munsell patches in order to find the one that he 
felt best matched the original patch. The process 
was then repeated for the other three object-color 
patches. Both sets of patches were viewed in a 
neutral viewing booth under an illuminant that 
would affect color appearance in essentially the same 
manner as CIE Illuminant C. The level of illu- 
mination at the viewing plane was approximately 
100 ft-c. 

Although the CIE color specifications of the object- 
color patches matched those of the average natural ob- 
ject-colors, no suggestion was made to the observers 
that they were in any way related to familiar ob- 
jects. Thus, the results indicated color shifts of the 
type associated with successive color-matching of 
abstract color patches. Since the patches did, in 
fact, represent the average, natural object-color 
specifications, it was possible to compare the color 
shifts resulting from color-memory and memory- 
color matching of these object-colors. The com- 
parison is, of course, somewhat confounded by differ- 
ences in color appearance contributed by spatial 
factors of common visual experience. However, toa 
first approximation, we may consider the results as 
implying the similarity of results for the two con- 
ditions of apperception. 

In Table II the mean color-memory specifications 
determined in the present experiment are compared 
with the corresponding memory-color and natural 
object-color specifications. It may be seen that in 
no case are the specifications identical. The signifi- 
cance of the differences in hue, value, and chroma 
indicated in Table II were tested at the 2'/.% signifi- 
cance level, using Student’s t test for each dimen- 
sion of variability. ‘The results are listed in Table 


4. E. J. Breneman, Phot. Sci. Eng., 1: 74 (1957). 


III as the residuals of computed minus critical values 
of t. Thus, positive numbers indicate significant 
differences in the means of the attribute in question, 
while negative numbers indicate that there is not 
sufficient evidence to consider the means significantly 
different. 

It will be noted that the hues as well as values and 
chromas for the memory-colors of blue sky, flesh, 
sand, and foliage all were found to be significantly 
different from those of the original object-colors. 
However, the mean hues of these same object-colors 
treated in the color-memory experiment were not 
significantly different from the original hues. The 
nature of the color shifts from natural means to 
both memory-color and color-memory means is 
illustrated in Fig. 1. 

The results of this experiment indicate that sig- 
nificant differences do occur in remembered colors, 
depending upon whether the apperception deals with 
an abstract color concept or a color associated with 
some familiar object. The nature of this difference 
is such as to produce significant hue shifts in mem- 
ory-colors in contrast to the more general or abstract 
case of color memory. Newhall, Burnham, and 
Clark? found that color shifts in successive color- 
matching were systematic enough to be character- 
ized by a set of prediction equations. The results of 
their investigation and the derived prediction equa- 
tions indicate that the hue shifts typically are much 
smaller than shifts in saturation. This is illustrated 
in Fig. 2, where the absolute value of the ratio of 
change in hue to change in chroma is plotted as a 
function of remembered chroma. The resultant 
hyperbolic function (computed from Newhall, Burn- 
ham, and Clark’s prediction equations) is quite steep, 


TABLE Ill. Test of Significance for Differences between 
Memory-Colors and Color-Memory Choices 


Chroma Value 


"Category Hue 
Memory-colors 
Blue sky 21.80 6.10 2.23 
Flesh 3.42 3.87 10.91 
Sand 5.05 4.24 11.13 
Foliage 18.83 1.16 10.74 
Color memory 
Blue sky —0.24 8.42 —1.32 
Flesh 2.26 0.88 5.75 
Sand —0.66 2.45 0.88 
Foliage —0.48 0.95 1.95 
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Fig. 1. Departures of memory-colors and color-memory choices from 
natural object-colors. 


rapidly becoming asymptotic with both ordinate and 
abscissa. By contrast, the corresponding data 
from the author’s memory-color experiment are 
plotted in Fig. 3. Both the means and associated 
standard deviations for remembered chroma have 
been used in an attempt to construct the curve that 
best fits the data. It may be seen that, although 
this function exhibits the same general hyperbolic 
form, it is much more shallow, indicating more sig- 
nificant changes in hue than was the case in Fig. 2. 
Figure 4 combines the two functions and indicates 
the positions of the points corresponding to memory- 
color determinations (+) and color-memory deter- 
minations (0) of the four object-colors that were used 
in this experiment. 

Newhall? has suggested an interpretation of the 
general process of color memory that can be con- 
sidered to include the special case of memory-colors. 
This view is essentially that “Color memory is a 
selective resultant of the relative impressiveness 
during perception of the various aspects of stimu- 
lation. More dominant, characteristic, and attrac- 
tive aspects tend to be more impressive, and less 
dominant aspects tend to be less impressive. The 


2 4 6 10 12 14 16 
Remembered chroma 


Fig. 2. Ratio of change in hue to change in chroma as a function of 
remembered chroma for color memory. 


Fig. 3. Ratio of change in hue to change in chroma as a function of 
remembered chroma for mean memory-color. 


more impressive aspects are more prone to survival 
in subsequent memory while other aspects are not.” 
Thus, when viewing an abstract color patch, an 
observer is mostly aware only of its redness, green- 
ness, yellowness, or blueness, whether it is of high or 
low saturation and lightness. A color patch or a 
colorimetric field of a given size and shape may com- 
prise a stimulus giving rise to the perception of vir- 
tually any color. On the other hand, in attempting 
to recall the color of some familiar object, the ob- 
server may call upon remnants of awarenesses of 
many spatial attributes and associations with the 
object itself that probably have some conditioning 
effect on his recollection of the color. 

Prior knowledge of the object itself limits the 
number and kind of color perceptions typically 
associated with it. Undoubtedly, the relative im- 
pressiveness of spatial and temporal aspects of stimu- 
lation affect memory of the color aspect of familiar 
objects. It is not inconceivable that essentially 
the same kind of idealization or normalizing changes 
well known to the recall of familiar figural patterns 
or prose may account for some of the ‘‘distortions” 
in memory-colors. The relatively unsystematic hue 
shifts noted in memory-colors, as contrasted with 
the systematic shifts observed in successive color- 
matching, may well be the result of a definite familiar 
object attribute to add to the complexity of the 
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Fig. 4. Ratio of change in hue to change in chroma as a function of 
remembered chroma for both color memory and memory-color. 
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apperception. In other words, the frames of refer- 
ence or adaptation levels are different for the two 
tasks. In one case, the observer’s frame of reference 
is largely affected by the reference patches and their 
standard surround, whereas, in the task of remember- 
ing or reconstituting the colors of familiar objects, 
his original frame of reference included the non- 
standard, spatially complex, and chromatically 
heterogeneous fields in which the original objects are 
typically perceived. 

In summary, color patches having CIE color 
specifications and spectral reflectance distributions 
equal to the averages for four naturally occurring 
objects were used in a successive color-matching 
experiment. Memory-colors associated with these 
same object concepts had been determined pre- 
viously. When the results of both apperceptions 
were compared, it was found that significant hue 
shifts occurred in the memory-colors where no sig- 
nificant hue shifts occurred in successive color-match- 
ing. In the case of successive color-matching, the 
observer attempts to recall the color of an abstract 
patch which was originally perceived in essentially 
the same spatial and field conditions as the reference 
patches used to indicate his memory choice. How- 
ever, when attempting to choose a memory-color 
match for some familiar object, he chooses a patch 
in one field to represent his memory of the color of a 
spatially dissimilar object in an entirely different 
field condition. Thus, while the spatial aspects of 
his visual experiences in successive color-matching 
may be similar, they are significantly different for 
the memory-color situation. The observed differ- 
ences in color memory for abstract patches and fa- 
miliar objects in all probability represent both differ- 
ences in memory processes and differences in color 
appearance, the two not necessarily being independ- 


¢ Announcements 


John E. Hoover Appointed Managing Editor 


Mrs. Jennie H. Allen, who has carried out. the 
duties of Managing Editor of PS & E with skill 
and devotion since its founding, has resigned be- 
cause of other obligations. The Editor is greatly 
indebted to her for her careful work, a debt shared 
by both authors and readers of this journal. 

Mr. John E. Hoover, of the Mack Printing Com- 
pany, has accepted the appointment as the new 
Managing Editor, and his work began with this 
issue. Mr. Hoover is well qualified to undertake 
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ent. Only if these appearance differences are ig- 
nored may it be said that essentially the only differ- 
ence in the two tasks is whether or not the ob- 
server’s attitude is directed to a familiar object. 
The difference in results would then appear to be due 
to the presence of additional information associated ° 
with previous object-perceptions available in mem- 
ory-color apperceptions but not in the abstract 
color-memory case. The different frames of refer- 
ence involved apparently lead to different percep- 
tions of the colors in question. 

It may be concluded, then, that color-memory 
and memory-color effects cannot be indiscriminantly 
interchanged in considering chromatic reproduction 
requirements for photographic processes.  Al- 
though Hellmig‘ has concluded that there is no 
reason to believe that a process should ideally pro- 
duce any but the original chromaticities, the data on 
which his conclusions are based are the results of a 
color-memory experiment. Recent work in these 
Laboratories implies that, at least for one object- 
color, the preferred reproduction-color most closely 
resembles the average memory-color. In such cases, 
it would be desirable to produce the chromaticness 
of the memory-color and not the characteristics of 
the original object-color. It may well be that fur- 
ther investigations will indicate that memory-colors 
are not, in themselves, the most suitable criteria for 
the reproduction of all objects. It seems highly 
probable that memory or reconstitution of repro- 
duced colors should be considered with respect to the 
appropriate frames of reference involved. In any 
event, it is apparent that further research on the 
problem of color reproduction must take cognizance 
of the inherent differences between the general 
task of remembering any color and the special case 
of remembering the appearance of a familiar object. 


the task, and authors are assured by this appoint- 
ment that their manuscripts will receive the same 
competent editing as before. 


The Editor 


Increase in Subscription Price 


Because of higher publication costs, largely due 
to the increased size of the journal, the Board of 
Directors has found it necessary to increase the 
annual subscription for PS & E to $15.00, starting 
with the 1962 volume. 
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i Effects of Environment on the Growth of 


Silver Bromide Microcrystals 


C. R. Berry, S. J. MARINO, AND C. F. OsTER, JR., Research Laboratories, 


Eastman Kodak Company, Rochester, N.Y. 


Microcrystals of silver bromide having sizes in the range from 0.14 to 3u were precipitated by 


simultaneous addition of AgNO; and KBr solutions to a gelatin solution containing growth modi- 


@ The morphology and symmetry of crystals have in- 
; terested scientists for centuries. Recently, there 
have been many investigations of the role of imper- 
fections in the growth of crystals. The present work 
is concerned with investigating the variety of shapes 
x ani sizes of silver bromide microcrystals produced 
7 by rapid growth and the extent to which imperfec- 
tions are involved. 
The crystals were examined in an electron micro- 
; scope using carbon replicas preshadowed at an angle 
bi of 18°. The AgBr had to be dissolved before inser- 
Y tion of the specimens in the electron beam to pre- 
vent the production of confusing masses of silver 
filaments. Additional measurements were made by 


ey an x-ray diffraction scheme to determine the degree 
2 of perfection of the microcrystals. The crystals 
were produced under conditions indicated in Fig. 1, 
1 by simultaneous addition at equal rates of silver 
nitrate and potassium bromide solutions to a mixing 


vessel containing a gelatin solution and other addi- 


jet precipitation of AgBr 
at 50°C in 15 min. 


ceived 16 June 1961. 
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Fig. 1. Balanced double- 


Communication No. 2171 from the Kodak Research Laboratories. Re- 


fiers. Electron micrographs and x-ray diffraction patterns were used to determine the form and 
degree of perfection of the crystals. 
under a variety of conditions. The presence of excess bromide ion encouraged the formation of 
{111} faces. This resulted in a variety of twinned crystals but regular octahedra were pro- 
duced when ammonia was also present. 


Cubes, which contained no dislocations, were produced 


tives. The function of the gelatin is to prevent the 
crystals from coalescing. The rates of addition of 
the AgNO; and KBr were such that considerable 
supersaturation could be quickly attained and 
maintained. Thus, the crystal growth did not re- 
quire the presence of any imperfections, though it 
will be evident that imperfections were present in 
some cases. After the addition of AgNO; and KBr 
was stopped, further changes in the crystals were 
observed under conditions of low supersaturation. 


No Growth Modifiers Present 


The simplest condition for growth is with only 
gelatin and water in the mixing vessel. In this 
case, small cubes were formed, as in Fig. 2, which 
had edge lengths of lessthan 0.1 u. From determina- 
tions of the number of crystals present during the 
course of such a precipitation, it was concluded that 


Fig. 2. AgBr cubes crystallized without growth modifiers. 
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the number remained constant during the later 
stages. ‘Thus, only surface nucleation and no three- 
dimensional nucleation occurred in the later stages. 

During the earliest stages of precipitation, spheri- 
cal crystals were observed. Later the cubes grew 
as a result of higher growth rates of stepped high- 
index faces. When the cubes were allowed to stand 
for 20 hr, there was some rounding of the corners 
and edges to produce more nearly spherical crystals 
(Fig. 3). The rounding of the edges of the crystals 
means that there is little difference in specific sur- 
face energy of high- and low-index faces under these 
conditions, even though the higher growth rate of 
high-index faces is clearly demonstrated by the pro- 
duction of cubes. The spherical shape is encouraged 
since its surface is about 20% smaller than that of 
the cube. 

The crystals were too small for their dislocation 
content to be assessed by the x-ray method. How- 
ever, we assume that the growth occurred without 
any dislocations present, since the rates of growth 
in crystallographically equivalent directions are 
equal. This is not unreasonable in such small crys- 
tals, since a single dislocation intersecting a face 
0.1u long would be equivalent to the very large dis- 
Iceation concentration of 10" per sq cm, which is 
characteristic of heavily worked metals. 

According to the criterion of Donnay and Harker, ' 
crystals having the NaCl structure should not prefer 
cube faces, since the surface density of ions and the 
stability of forms is in the order {111}, then {200}, 
etc. However, the cube faces are usually observed 
with NaCl and AgCl as well as in the AgBr precipi- 
tates described above. The stability of this form 
must be dependent upon the reduction in surface 
energy associated with the electrical neutrality of 
|200} faces, the more so the more strongly ionic the 
bonding in the material. Actually, the {111} faces 
of AgBr are those seen in most published photographs 
and the conditions for this growth will be described 


Fig.3. Cubes equilibrating to produce spheres of 0.11 yu diameter. 


1. J.D.H. Donnay and D. Harker, Compt. rend., 204: 274 (1937). 
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in a later part of this discussion. In the presence of 
minute quantities? of Sn*+*+ ion, {111} faces may 
also be produced in KCl. Although these considera- 
tions of face stability apply strictly to large crystals 
at equilibrium, they appear to have a bearing on the 
precipitation process as well. 

Although charged groups are present on the gela- 
tin chains, apparently they are not available in 
sufficient concentration to permit growth of charged 
{111} faces of AgBr. Also the K+ and NO;~, which 
increase in concentration during precipitation, do not 
have much effect on the surface charge. This must 
be caused by their failure to adsorb strongly to the 
AgBr. As a further illustration of this point, addi- 
tion of much KNO; (1.5 M) to the mixing vessel be- 
fore precipitation caused no change in the crystals. 


Variation of pH and pAg 


In the investigation of the influence on face de- 
velopment of ions in solution, variations of pH and 
pAg were made. Nitric acid and silver nitrate were 
added to give values of pH and pAg less than 2.0. 
Additions of KOH and KBr were used to give values 
of pH and pAg larger than 10.0 In the absence of 
additions, the values during precipitation were 
pH =: 5.6 and pAg = 8.9. Small amounts of Ag.O 
were precipitated when there was much KOH 
present, but this did not complicate the results. 

The only condition which produced an appreciable 
change in grain size and shape was the addition of 
KBr. In this case, relatively large tabular crystals 
were produced, whatever the value of pH. At a 
KBr concentration of 20 grams/liter (pAg of 10.3) 
and with the pH at 5.6, tabular crystals were pro- 
duced as in Fig. 4. Details of this growth scheme 
are especially interesting and will be considered in 
some detail. 

The tabular growth of AgBr microcrystals in the 
presence of Br~ excess has long been considered to 
depend on some kind of imperfection. The identi- 
fication of the imperfection as a twin plane parallel 
with the plate was made by Berriman and Herz’ by 
the use of Laue microdiffraction patterns from indi- 
vidual microcrystals. Edges of such crystals having 
hexagonal outlines were examined in the electron 
microscope by Hamilton and Brady‘ and alternating 
troughs and ridges could be seen as predicted. 

Another suggestion for the mechanism of tabular 
growth, proposed by Evans and Mitchell,’ was based 
on an optical microscopical examination of small 
crystals. They suggested that the imperfection 
which is responsible results from a dendritic nucleus 
having (100) arms, three of which rotate slightly 
with reference to the other three about a [111] axis 
such that three screw dislocations are produced at 
an angle of 120° to one another. Wedo not consider 


2. I. Schnerb and M. R. Block, Bull. Res. Council Israel, 7A: 179 
(1958). 

R. W. Berriman and R. H. Herz, Nature, 180: 239 (1957). 

J. H. Hamilton and L. E. Brady, J. Appl. Phys., 29: 994 (1958). 


T. Evans and J. W. Mitchell, Defects in Crystalline Solids, Physical 
Society, London, 1955, p. 409. 
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Fig. 4. Tabular crystals, tetrahedra, and a needle grown in excess 
bromide ion. 


that the evidence for the dendritic structure is con- 
vincing. This is because we have seen images in 
the optical microscope which are similar to those 
described by Evans and Mitchell but which are pro- 
duced by crystals which are definitely triangular 
plates when observed at the higher magnification of 
the electron microscope. In fact, we have never 
seen, in the electron microscope, any dendrites as 
precursors to tabular growth. On the other hand, 
the introduction of screw dislocations into large 
tabular crystals is quite reasonable, owing to the 
ease of deformation in crystals of such a shape. 

Approximately 20% of the crystals in photographs 
such as Fig. 4 are tetrahedra. Presumably they 
contain no twin planes. It is interesting to consider 
whether the tabular crystals contain one or many 
twin planes. Evidence on this is obtained from crys- 
tals such as those shown in Figs. 5 and 6, which were 
obtained by prolonged Ostwald ripening of crystals 
containing some iodide impurity. Since the edges 
of such thickened crystals ordinarily show only one 
or two twin planes, it appears that multiple twinning 
is not common in the usual thinner crystals. Micro- 
graphs of AgBr crystals which were grown and ripened 
in excess Br~ showed many tetrahedra which were 
twinned on a {111} face. Two common manifesta- 
tions of this twinning are shown in Fig. 7. 
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Fig. 5. A twinned crystal with alternate ridges and troughs at the 
twin plane. 


& 


Fig. 6. Three twin planes in one crystal. 


It may be argued that triangular crystals result 
from the existence of a single twin-plane which gives 
three edges which are ridges and three edges which 
are troughs growing at a faster rate. The troughs 
should disappear by rapid growth, leaving a triangle 
which has a reduced growth rate. Using this 
reasoning and observing that the dendritic growth 
of germanium is not like the growth of a triangle, 
Hamilton and Seidensticker® concluded that the 
single twin-plane is not the growth accelerator for 
dendritic germanium. An extension of this reason- 
ing would enable us to predict that hexagons result 
from double twin-planes where all six edges of the 
crystal are alike in having both a ridge and a trough. 
However, observations in micrographs, such as Figs. 
5 and 6, of troughs which have not disappeared dur- 
ing growth make this kind of argument appear to be 
somewhat dubious for AgBr. In addition, the tri- 
angular crystals in micrographs, such as Fig. 4, are 
not smaller than the hexagonal crystals. 

The large ratio of width to thickness of crystals 
in Fig. 4 and the existence of circular edges in many 
crystals are the result of rapid growth. Both fea- 
tures are eliminated when the crystals are allowed 


6. D. R. Hamilton and R. G. Seidensticker, J. Appl. Phys., 31: 
1165 (1960). 
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Fig.7. Twinning on tetrahedral faces. 


to stand for a few hours. Thus the crystals become 
much thicker and the edges become straight on 
standing. This makes it clear that a twin plane 
strongly affects the rate of growth but not the sur- 
face energy. 

About 2% of the crystals precipitated in excess 
Br- are needle-shaped. This does not appear to 
be the result of twinning of any kind, since the ac- 
celeration of growth is in only a single direction. A 
single or multiple axial screw dislocation is a likely 
source of this growth. The amount of twist which 
Eshelby’ computed for such growth is just too small 
to be detected with certainty from our electron 
micrographs. The origin of the screw dislocation is 
not clear. 

An interesting precipitation condition occurs 
when the pAg has a value intermediate between 
8.9, where small cubes grow, and 10.3, where there 
is much tabular growth. Specifically, at a pAg of 
9.7, there is a mixture of small cubes, tetrahedra, 
and octahedra, but there is no tabular growth. The 
lack of tabular growth indicates that the existence 
of {111} faces and the deposition of Ag * and Br ~ are 
not sufficient to produce twinning. We attribute 
the occasional twinning which occurs at higher values 
of pAg to the deposition of complex ions, which in- 
crease in concentration as the pAg is increased. In 
particular, at a pAg of 10.3 where the bromide-ion 
concentration is somewhat more than 10-! M, the 
dominant complex ion*~!! is AgBr;~ which has a 
concentration of about 10-7 M. ‘Twinning could re- 
sult from the failure of this complex to deposit in 
the normal orientation, owing to its strong polariza- 
bility and to its larger Br ~ to Br ~ distance than occurs 
in the crystal. 

The question whether the {111} faces terminate 


7. J.D.Eshelby, J. Appl. Phys., 24: 176 (1953). 
8. H. Chateau and J. Pouradier, Sci. et inds. phot., (2) 23: 225 (1952). 


9. J. Pouradier, A. M. Venet, and H. Chateau, J. chim. phys., 51: 
375 (1954). 


10. K.H. Lieser, Z. anorg. Chem., 292: 97 (1957). 
ll. F.C. Forsgard, Phot. Sci. Eng., 3: 23 (1959). 
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Fig. 8. AgBr cubes grown in ethy!enediamine. Edge length 0.5 yu. 


in Br~ ions or Ag®* ions is of interest. Potentio- 
metric measurements by Herz'? and by Boyer 
et al.!° show that AgBr crystals in gelatin and excess 
KBr have a saturation coverage such that only 
about 10% of the surface has excess adsorbed Br-. 
This requires that some areas of the surface terminate 
in Ag+. Earlier investigations!‘ by electron diffrac- 
tion of oriented overgrowths on surfaces of AgBr 
crystals indicated that the surfaces had a terraced 
structure, the edges of the terraces lying along (110) 
directions. The combination of these two results 
implies that on an atomic scale the crystal surfaces 
consist of terraces having all Ag+ in some areas and 
all Br~ in other regions. 


Ethylenediamine 


Ethylenediamine, NH.CH,.CH.NH,, is an alkaline 
solvent for AgBr which acts much like ammonia by 
forming a complex with the silver ion. The complex 
may be represented by the formula,” Ag(Eth),+. 
The crystals shown in Fig. 8 were produced in 0.1 M 
ethylenediamine which gave a pH of 10.5. Regular 
cubes of this size were formed even when there was 
a KBr excess of about 0.1 mole/liter in addition to 
the ethylenediamine. Thus, the ethylenediamine is 
effective in preventing the development of {111} 
faces. Habit modification by preferential adsorp- 
tion of the ethylenediamine on the {200} faces is 
suggested by this behavior. According to this 
scheme, the rate of addition to {200} faces is suf- 
ficiently reduced by the adsorbed molecules that 
these faces become the dominant form. 

The crystals of AgBr shown in Fig. 8 were suf- 
ficiently large (0.5u) that their perfection could be 
measured by the convergent-beam x-ray diffraction 


12. A.H. Herz and J. O. Helling, J. Colloid Sci., 16: 199 (1961). 


13. S. Boyer, J. Cappelaere, and J. Pouradier, J. chim. phys., 56: 
495 (1959). 


14. C.R. Berry, Acta Cryst., 2: 393 (1949). 
15. P. Job, Compt. rend., 176: 442 (1923). 
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technique described earlier." In this diffraction 
scheme, the width of a diffraction spot from a par- 
ticular crystal is limited by the angle of tilt or bend 
of the reflecting planes. From such measurements 
it was determined that the angular range of reflec- 
tion of a typical crystal of Fig. 8 was 0.0004 radian, 
after correction for the Ka, to Ka, wavelength 
separation and for the crystal-size broadening. Since 
this is only about one-half the angle which would re- 
sult from the presence of a single-edge dislocation, 
we conclude that these crystals are free from dis- 
locations. Growth occurred, therefore, through re- 
peated two-dimensional nucleation on the existing 
surfaces. It seems probable that these conclusions 
also apply to the smaller cubes which are shown in 
Fig. 2. 

Cube-shaped crystals larger than 3 yu in edge- 
length were produced when a precipitate was allowed 
to ripen in ethylenediamine for 20 hr. There was 
some rounding of the edges in such crystals (Fig. 9). 
The equilibrium form is the same as that produced 
with rapid growth in ethylenediamine. 


16. C.R. Berry. J. Appl. Phys., 27: 636 (1956). 


Fig. 9. A large cube ripened in ethylenedi Edge length 3.3 j. 


Fig 10. AgBr cubes precipitated in ammonia at low pAg. 
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Crystal Growth in Ammonia 


Ammonia dissolves AgBr by forming the complex, 
Ag(NH;).*. As was the case when no solvent was 
present, the shape of crystals made in ammonia is 
dependent on the value of pAg. Figures 10 and 11 
show crystals produced in 0.2N NH,OH at a pH of 
10.0 The cubes having {200} faces were produced 
at a pAg of 1.5 and the octahedra having {111! 
faces were formed at a pAg of 9.9. There is a great 
variety of ionic species in solution in both cases, 
owing to the dissociation of NH,OH and the forma- 
tion of the silver-ammonia complex. Apparently it 
is only the bromide ion which permits the crystals 
to grow with {111} faces. 

No twinned tabular crystals are observed in Fig. 
11. If the supposition is correct that the twinning 
in Fig. 4 was caused by the occasional deposition of 
an AgBr;-, then this complex ion must be prevented 
from participation in the crystallization process 
by the presence of the much larger concentrations 
of NH,* and Ag(NH;).*+. Whereas the AgBr;~ con- 
centration" is about 10-7 M at a pAg of 10.0, the 
concentration of NH,*+ in a solution of 0.2N NH,OH 
is about 10~-* M and there is almost the same con- 
centration of Ag(NH;).*. 

X-ray diffraction patterns of small octahedral 
crystals grown in ammonia indicate that they are 
similar to the crystals from ethylenediamine solu- 
tion in not having enough angular bending to ac- 
commodate any dislocations. 

When the octahedral grains were allowed to stand 
for 20 hr in the ammonia solution, no change of 
size or shape was observed. 

Although there are many questions raised by the 
electron micrographs, there are two aspects of Figs. 
4 and 11 which are particularly interesting and con- 
fusing. First, at high pAg, why are octahedra 
formed in the presence of ammonia and tetrahedra 
in its absence, while both forms are bounded by | 111} 
faces? Second, why do so many tetrahedra have one 
apex missing while the octahedra are usually quite 
regular? 


Fig. 11. Octahedra precipitated in ammonia at high pAg. 
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Image Sharpness Meter 


DwIn R. Craic, LogEtronics, Inc., Alexandria, Va. 


PHOTOGRAPHIC SCIENCE AND ENGINEERING 
Volume 5, Number 6, November-December 1961 


An image sharpness meter has been designed which uses a pair of photoconductive surfaces, 
connected in a bridge circuit to an output meter which shows quantitatively when the image pro- 
jected onto one of said surfaces has reached critical focus. Differential bridge output, when 
photoconducter response is logarithmic, demonstrates that log (A + B) is not equal to log A + 
log B — a fact which is essential to the operation of the instrument. The instrument overcomes 
the basic difficulty of visual focusing — manual interpolation between two conditions of visual 
defocus. The meter displays a quantitative, single-valued indication of image sharpness, 
with a maximum at critical focus, sensed in the plane of the image itself. 


A photographic object is usually considered to be an 
array of a large number of luminous points, each of 
which emits a specific amount of light, either be- 
cause the point is self-luminous or because light 
from some other source has been transmitted, 
reflected, scattered, absorbed, etc., by said point. 
Whatever the source of light, the main duty of an 
image-forming lens is to collect light which diverges 
from each point and to direct it back to a point 
somewhere else in space. Figure 1 shows light 
emanating from a single point in the object, being 
collected by an ideal lens, and being directed back to 
a point in space. The plane in which all the rays 
converge is the plane of best focus, where a plot of 
incident light vs. distance approaches a straight 
vertical line (F) having zero diameter. A similar plot 


Fig. 1. Distribution of light from point source (spread-function), meas- 
wed in different image planes. 


Presented at the Annual Conference, Binghamton, N. Y., 23 May 
1961. Received 1 August 1961. 


in other planes will produce other spread-function 
shapes (D, E, G, and H), ranging from hemispheric 
to conic, depending on the degree of focus. 


Image Sharpness 


With a real lens, the choice of a “‘best focus’ is, 
in general, a choice of the most “‘attractive’’ spread- 
function. A lens with spherical aberration will 
offer spread-functions of either conical or cylindri- 
cal shape, depending on the focal plane chosen. 
The conical shape will form an image with high reso- 
lution, whereas the cylindrical shape will form an 
image with high acutance. When viewed from a 
distance, the high-acutance image will appear 
sharper, but when viewed with a microscope, the 
high-resolution image will appear sharper. 

Assuming a cylindrical spread-function, the p!ots 
in Fig. 2 represent the distribution of light from three 
adjacent object points, as observed in three different 
image planes. Curve F represents a sharply fo- 
cused image, Curve E represents a_ partially 
focused image, and Curve D represents a completely 
defocused image. Although the distribution of light 
is different in each of the three planes, the total 


(A+ 8) 


Incident light 
> 


Distance in Plane 


Fig. 2. Distribution of light from three adjacent points, measured in 
three different image planes, D (defocused), E (partially focused), and F 
(focused). 
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HALFTONE 


Fig. 3. Setup for photographic 
demonstration of “halftone effect” 
where a single print portrays all 
possible degrees of focus. 


CRAIG P'S & E, Vol. 5, 1961 


amount of light is the same—the lens opening is 
the same, and all three planes are at approximately 
the same distance. A photometer, with large 
aperture, would give identical readings in planes 
D, E, and F. 

Image sharpness is measurable only with a photo- 
sensitive detector whose aperture is smaller than 
image detail. A photographic emulsion meets this 
requirement since each point on the surface is 
sensitive to light but is relatively independent of 
light falling on adjacent points. The extent of this 
independence is a measure of aperture size and is 
implicit in the resolving power of the surface. The 
same definition of aperture size, the area of inde- 
pendent response, can be applied to photoelectric 
surfaces. Cadmium sulfide, deposited in a thin 
film, is a photoconductive surface in which the 
electrical resistance of each elemental area is a 
function of the light falling on that particular area, 
being relatively independent of light falling on 
neighboring areas. As with photographic emulsion, 


Fig. 4. Photographic print made on inclined easel, showing band of increased average reflectance in the plane of best focus. 
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IMAGE SHARPNESS METER 


Fig. 5. Diagram show- 
ing path of microdensi- 
tometer scan across print 
(on film) made with setup 


the size and shape of the independent aperture 
depends on light scattering within the surface, 
grain size, etc. In both cases aperture dimension 
can be expressed on a microscale and can be used to 
measure image sharpness without scanning. 


log (A + B) ¥ log A + log B 


Although image sharpness, or micro contrast, 
exists only at small scale, its measurement can be 
displayed in terms of a single valued, easily readable 
indication. It has been demonstrated, both with 
photographic materials and with photoconductive 
materials, that surfaces with a nonlinear response 
can indicate image sharpness without recourse to 
scanning with a moving aperture. The demonstra- 
tion uses an object consisting of a halftone screen 
(a repetitive pattern of squares alternating between 
two different densities). For the photographic case 
image sharpness is expressed as average reflectance; 
for the photoconductive case it is expressed as 
conductance between a pair of terminals. In 
both cases the output depends on the independent 
and nonlinear response of elemental areas of the 
photosensitive surface, and the nonlinear response is 
approximately logarithmic. If the incident light 
contributed by one set of the squares has the value A 
and the light contributed by the other set has the 
value B, the output for the defocused image is a 


shown in Fig. 3. 


function of log (A + B), whereas the output for 
the focused image is a function of log A + log B; 
these are fortunately different. 


Photographic Demonstration 


As shown in Fig. 3, the halftone screen was placed 
in the negative carrier of an enlarger with its image 
projected toward an inclined easel. The enlarger 
was adjusted to give best focus in plane F. Planes 
E and G were observed to be somewhat defocused, 
whereas planes D and H were completely out of 
focus. From a distance the easel appeared to be 
uniformly bright, neglecting fall-off due to easel 
tilt, with no indication of where the image was in 
best focus. Likewise, a large area photometer 
failed to show any difference between measurements 
in planes D, E, or F. Next, a piece of photographic 
paper was placed on the tilted easel, exposed, and 
processed. The resulting print is shown in Fig. 4. 
The band of high average reflectance corresponds to 
the plane in which the dot pattern was sharply 
focused and, upon close inspection, the well-formed 
squares can be seen readily (in the print, not in the 
Journal). Proceeding away from the plane of best 
focus, either toward or away from the lens, the average 
reflectance decreases and levels off when the image 
is completely out of focus. 

The demonstration was repeated, using film in- 
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Fig. 6. Microdensitometer record (transmittance vs. scan position) of print. Upper trace—complete pass through focus. Lower trace—expanded view 


of trace segments. 


stead of paper. A microdensitometer trace of the 
film was made along the diagonal line, labeled ‘‘S,”’ 
in Fig. 5. During the scan the microdensitometer 
(actually recording transmittance) passed through 
the planes D, E, F, G, and H, yielding the output 
record shown in Fig. 6. The envelope of the curve 
represents what the eye sees when scanning the 
print shown in Fig. 4. Figure 6 shows transmit- 
tance gradually increasing from D to E, reaching 
a maximum at F (the plane of best focus), and then 
decreasing from G to H. The lower set of traces 
show, on an expanded scale, the microscale distri- 
bution in planes D, E, and F. 

The shape of the envelope in the upper traces 
represents the macroscopic view, whereas the 
lower segments of the trace represent the micro- 
scopic view of the nonlinear photographic trans- 
formation. Average print reflectance in the plane 
of total defocus (D and H) corresponds to the 
optical summation of light before the logarithmic 
response of the photographic emulsion and can be 
represented by the term log (A + B). Conversely, 
average print reflectance in the plane of best focus 
(F) corresponds to the visual summation a/ter 
the logarithmic response of the emulsion and can 
be represented by the term log A + log B. Ob- 
viously, there is a difference in average reflectance, 
because there is a difference between log (A + B) 
and log A + log B. 


The results of the demonstration can also be 
explained graphically. Although the typical D— 
log E curve has a straight-line portion, this should 
not be confused with linear response since no 
photographic emulsion can claim this distinction; 
all are nonlinear. This becomes obvious if, as 
in the upper part of Fig. 7, density (D) is plotted 
against intensity (J) of light incident on the surface 
(constant exposure time). The resulting curve 
shows that response is not linear in terms of output 
density vs. input intensity, that it has no straight- 
line portion, and that, in fact, it is highly nonlinear. 

Figure 7 shows three input images, corresponding 
to three different degrees of focus, all with the same 
average intensity, being applied to a photosensitive 
surface having a typical D-J response. From this 
curve a particular value of density can be found for 
each particular value of input intensity, giving 
three different output wave forms of density distri- 
bution. Although the averages of the three input 
wave forms are identical, it will be noted that the 
averages of the output wave forms are considerably 
different. 


Photoconductive Equivalent 


The same type of curve and the same analysis 
applies to photoconductive surfaces. In Fig. 7, 
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density can be replaced by conductance, and the same 
input /output relationship will apply. However, the 
photoelectric wave form cannot be observed directly, 
since there are only two terminals, but can be 
deduced only from the integrated response of the 
millions of photosensitive points across the surface. 

A cadmium sulfide cell, being a photoconductive 
surface with independent point response and a 
nonlinear transfer characteristic, can be used to 
measure image sharpness. As in Fig. 3, with a 
halftone screen placed in the negative carrier of an 
enlarger, a photocell passing through the various 
planes of focus will show a change in conductance 
when conductance is plotted as a function of dis- 
tance from the lens (Fig. 8). As expected, con- 
ductance decreases gradually with distance from 
the lens due to the inverse square fall-off (1/d?) of 
light. However, when the photocell passes through 
focus, its conductance drops sharply to a minimum. 
This drop in conductance may be only a few per cent 
or up to 50 per cent of its value on either side of 
focus, depending on contrast of the halftone screen, 
resolution of the optical system, etc. 

In a practical instrument, it is desirable to elimi- 
nate the effect of changes which do not represent 
image sharpness. Using a pair of photocells, in a 
bridge circuit, will eliminate the effect of mere 
brightness changes due to changes in magnification, 
lens opening, power to the light source, etc. If 
one of the photocells is confronted with a diffusing 
material, it will fail to show the sharp minimum 
depicted in Fig. 10. However, when a sharp image 
is projected onto the other photocell, the difference 
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in their response may then be amplified to give maxi- 
mum meter deflection at best focus, being immune to 
changes which are common to both photocells. 
Figure 9 shows the differential conductance of the 
two photocells plotted against distance from the . 
lens. The same curve also represents meter de- 
flection vs. distance from the lens, where maximum 
deflection corresponds to critical focus. 

Figure 10 is a simplified diagram of the demon- 
stration instrument described above. In reality, 
the photocells receive light from a mirror, putting 
them optically (but not physically ) in the same plane 
with the easel. Besides the circuitry shown, there 
can be a potentiometer for balancing the electrical 
differences between the two photocells, a sensitivity 
control to limit the meter deflection at high light 
levels, and perhaps a current amplifier to drive the 
meter at low light levels. 


The Focatron 


The Focatron, a compact, portable instrument, 
is being designed for use on enlarger easels. This 
battery-powered unit, containing a pair of photo- 
cells (one with a diffuser) and a mirror, is intended 
for use with halftone images only. The photocells 
are located side by side, and optically within 0.001 
in. of the same plane as the base of the instrument. 
The Focatron, approximately 2 in. X 2 in. X 5 in., 
weighs less than 1 lb, has a 1'/.-in. meter, and oper- 
ates down to about 1 ft-c, 

Its early uses will be with lar ge aperture, high 
resolution systems during initial adjustment, cali- 
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Image Plane 
Fig. 8. Response of a photoconductive cell when passing through the 
focal plane of a halftone image, illustrating “halftone effect.” 


bration, and lens selection, or for routine focusing of 
variable magnification systems where a halftone 
screen can be inserted in the plane of the negative. 


Potential Variations 


The Focatron is the first of a family of micro- 
contrast-measuring instruments with potential ap- 
plication in all classes of optical systems which form 
real images. The principle is not restricted to the 
measurement of halftone images but may be ex- 
tended to include continuous tone images, and with 
the proper selection of spectral sensitivity, can 
operate over the full visible, and well into the 
invisible range. 

Since the Focatron output is electrical, not only 
can it drive a variety of meters and recording de- 
vices, but it can become part of a feedback loop 
to maintain focus automatically. 

An autofocus device must detect both when the 
image is defocused and the direction of travel to the 
plane of best focus. Figure 11 shows one possible 
arrangement using two photocells, both able to 
receive sharp images, located in two different 
planes. When used in a bridge circuit, the output 
signal would be zero when the plane of best focus 
was above, below, or between the two photocells. 
In operation, the feedback loop would maintain 
bridge balance for the case where the plane of best 
focus lies between the two photocells. As shown in 
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Fig. 9. Differential electrical output from an optical bridge con- 
taining a pair of photoconductive cells (one with a diffuser) when pass- 
ing through focus. 
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Fig. 10. Photoconductive demonstration of “halftone effect’ where 
maximum meter deflection indicates when halftone image is sharply 
focused on surface of cell #2. 


Fig. 11, when the plane of best focus moves toward 
the upper photocell the meter needle moves to the left, 
but when the plane of best focus moves toward 
the lower photocell the meter needle moves to the 
right. Hence, polarity of the electrical signal 
gives the necessary directional information. 

Besides measuring the sharpness of images formed 
by optical systems such as cameras, enlargers, mi- 
croscopes, telescopes, and projectors, it is evident 
that the sharpness of cathode-ray tube images and 
of photographic images, when used as the object 
in a high quality optical system, likewise can be 
measured. 


Fig. 11. Photocell arrangement which gives directional information to 
autofocus feedback loop. 
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PHOTOGRAPHIC SCIENCE AND ENGINEERING 
Volume 5, Number 6, November-December 1961 


Autoradiographic Power Distribution Measurements in 
Nuclear Reactors and Analysis by Digital Computer Methods* 


C. G. CHEZEM AND R. H. Moore, Los Alamos Scientific Laboratory, Los Alamos, N.M. 


Measurement of the fine structure of the power distribution in a nuclear reactor or critical 
assembly can be accomplished by irradiating sandwiches of both fissionable foils and inert 
foils in the system. Such thin foils are adaptable to nearly any geometry of the machine; 
perturb the system in a minimum; and, when removed and placed in contact with a photographic 
emulsion, leave a permanent record of the power distribution in the photographic image. 
Resolutions to about 1 mm can be obtained with relative ease and little expense. Each film can 
be calibrated individually to minimize the effect of processing irregularities. An iterative 
method of fitting mathematical functions to the calibration-densitometric data in which the param- 
eters appear nonlinearly is discussed in language compatible with any high-speed digital 
computer. Suggestions are offered to photographic scientists and computer programmers 
based on extensive Los Alamos experience concerning the formulation and operation of such 
iterative routines, interpretation of the precision indicators of the parameters, convergence 
criteria, and the prevention of nonconvergent oscillations. 


It is common practice to examine the neutron flux 
distribution or power distribution of experimental 
critical assemblies by the insertion of detectors into 
the core and surrounding materials of the device. 
The distribution so obtained is then used as an aid 
in determining design parameters for a reactor 
which will produce the most efficient machine for 
the purpose intended. The detectors can be either 
fission counters which are sensitive only to the 
neutron flux at a given point in the system or small 
foils of some material easily made radioactive by 
neutron bombardment. These foils are then re- 
moved from the system to measure the induced 
radioactivity by suitable particle counters. Most 
detection methods tend to perturb the system under 
study or to integrate the flux over a fairly large 
volume that is acceptable for assemblies in which 
the flux distribution is a slowly varying function of 
space. However, in certain critical assemblies 
where the fuel elements are constructed of delicate 
matrices of materials, it becomes imperative to 
examine the fine structure (less than l-cm resolu- 
tion) of the power distribution at low-power levels 
before attempting high-power operation. Photo- 
graphic techniques are excellent for this purpose. 
The earliest recorded use of autoradiographic 
techniques for neutron flux measurements at the 
Pajarito critical assemblies facility at Los Alamos 
was by Young in 1952.! 

The autoradiographic power distribution meas- 
urement is quite simple in principle: inert material is 


Received 11 September 1961. 


* Work performed under the auspices of the U. S. Atomic Energy Com- 
mission, 


placed in contact with a fissionable material in a 
neutron flux; fission fragments are caught in both 
materials; and either or both of the materials are 
placed in contact with a photographic emulsion 
which is exposed primarily by the 6-rays emitted 
by the decaying fission fragments. The trans- 
mission-density distribution of the blackened film 
is assumed to be a function of the fission or power 
distribution. Typical arrangements of foils around 
a fuel element are illustrated in Figs. 1 and 2. The 
arrows in the figures indicate the direction of flow 
of the fission fragments from the fissionable material 
to the catcher foil. Note that in some instances the 
fission source is the fuel element itself, and in others 
an additional foil of fissionable material is inserted as 
a more intense source of fission fragments. 

It is convenient to consider all the foil irradiation 
processes, such as the critical assembly power level, 
length of time of the irradiations, etc., as part of the 
film exposure. With this concept in mind, the 
insertion of additional fissionable material such as a 
foil of uranium enriched in the U2* isotope can be 
considered as image intensification. Foils of other 
fissionable isotopes could be used as intensifiers; 
however, familiarity with the nature of such foils 
will indicate that enriched uranium is the only prac- 
tical material. Aluminum is most commonly used 
as a catcher foil due to the ready availability of 
many thicknesses (the authors normally use common 


1. Dwight S. Young, “Neutron Distribution Measurements at Pajarito 
by Means of Photographic Emulsions,”’ Los Alamos Scientific Laboratory 
Report LA-1487 (May 15, 1952); J. P. Mize and V. J. Walsh, “‘Radio- 
autographic Technique for Power Distribution Measurement in a Critical 
Assembly,’”’ Combustion Engineering, Inc., Report S1C-1300-RS-121 
(Oct. 10, 1957); and A. Ertaud and P. Zaleski, Neutron Density Measure- 
ments by Autoradiography of Detector Foils, J. phys. radium, 14: 191-197 
(1953), translated by D. J. Wilson, AEEW-Trans. 1. 
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Fig. 1. Catcher and intensifier foil arrangements for typical cross 
sectional measurement of fine structure. Arrows indicate general 
direction of fission fragment movement. 


household aluminum foil) and its low neutron cross 
section. Because the range of fission products in 
uranium is less than ten microns and the range in 
an aluminum catcher is only slightly more than ten 
microns, the intensifier and catcher foils may be 
very thin, thus introducing a minimum perturbation 
of the system. 

Detector foils such as indium or gold may be in- 
serted into critical assemblies to determine the 
flux distribution of certain energies of neutrons (not 
necessarily yielding the power distribution). These 
foils are neither catchers nor intensifiers in that they 
themselves are activated, and the resulting 8 and y 
radiation serves to expose the film after the irradia- 
tion process. 


Experimental Procedure 


The flux distribution to be investigated and the 
method of access to the system must be considered care- 
fully to determine the size and shape of catcher and/or 
intensifier foils to be used and the method of placing 
them in the desired position. 

Since it is a relatively simple matter routinely to 
process and read standard 5 X 17-inch x-ray films, every 
attempt is made to restrict foil sizes to fit these films. 
Foils to be placed in contact with the film must not be 
contaminated by any other radioactive products than 
those desired. Notches may be cut into the foils to aid 
in orientation and later identification of the images. 

Immediately prior to being loaded, an _ intensifier 
must be cleaned of all oxide and foreign material which 
absorbs fission fragments during irradiation and atten- 
uates 8-rays during film exposure.':?) Enriched-uranium 
foils can be scoured with a kitchen cleanser—a messy and 
contaminating, but effective, process—or cleaned elec- 
trolytically. A satisfactory electrolytic cleaning bath 
for uranium is:* 


1 volume ortho-phosphoric acid, 
2 volumes concentrated sulfuric acid, 
2 volumes water. 


A direct current of from 0.5 to 0.75 amp/cm? of uranium 
surface at positive potential with a platinum cathode is 
recommended. The cleaned foils may be rinsed in dis- 
tilled water and dried with acetone. 


2. J. N. Renaker, V. J. Stratton, and H. L. Bermanis, Nucleonics, 16: 
127 (Feb., 1958). 
3. Rare Metals Handbook, C. H 


pel, ed., Reinhold, New York, 1954. 
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Fig. 2. Catcher and intensifier foil arrangements for typical circum- 
ferential measurement of fine structure. Arrows indicate general 
direction of fission fragment movement. 


After the irradiation the foils are removed, rolled 
smooth if necessary, and placed in contact with the 
photographic emulsion under slight uniform pressure in a 
professional print frame, cassette, or equivalent with any 
glass replaced by an opaque material. A thin, smooth 
sheet of lead can be used as a back-scatterer to further 
intensify the image of the catcher foil, the film being 
positioned between the radioactive foil and the lead. 
Film exposure times usually run from 5 to 30 min (de- 
pending on the amount of irradiation) for the intensifier* 
itself and from 12 to 24 hr for the catcher foil. Since 
fission product decay is such that no significant increase 
in film blackening should be noticed after about 12 hr of 
exposure, an overnight exposure rule is adequate for the 
catcher. 

In most experimental setups it is sufficient to activate 
the intensifier only. The catcher foil is useful only 
where resolution to about 1 mm or less is required; that 
is, where the flux is a rapidly varying function of space. 
Uncertainty is introduced by the necessity of interposing 
an absorber such as a sheet of paper between the intensi- 
fier and the film to eliminate fogging by the natural a- 
emission from the uranium. In a slowly varying field 
where accuracy to a few millimeters is adequate, the 
short film exposure times required of the intensifier and the 
possibility of completing an experiment quickly more 
than compensate for the increased uncertainty. 

To minimize the effect of processing irregularities each 
film is calibrated individually. A calibration device was 
constructed which consists of a collimated beam of §-rays 
emitted by a Sr®-Y” medical applicator controlled by a 
solenoid-operated, '/;-inch-thick iron shutter. A series 
of exposures is made along one side of the film with expo- 
sure times selected to include all the densities to be read 
from the film. The exposure-density calibration curve 
serves as the basis for conversion of the densitiest of the 
experimental images to exposure, exposure being as 
sumed directly proportional to power or the number of 
fissions occurring in the intensifier. Figure 3 is a print 
made from a portion of a typical AA x-ray film which was 
exposed by a catcher foil wrapped around a small fuel 
element in the manner of Fig. 2. Calibration exposures 
can be seen along the edge of the print. 

Eastman Kodak double-emulsion x-ray films, types M, 
AA, and KK, have proved satisfactory. Exposure-log 


* The higher intensity of radiation from the intensifier can be attributed 
to the fact that the emanations from the retained fission fragments ca? 
escape the intensifier from a greater depth than the fragments them 
selves. 


+ Actually, reading the density as such is only an intermediate step ™ 
this process. It should be obvious that any film-blackening vs. exposut® 
relationship would suffice for the purpose if not be superior to the density 
reading which most light transmission film readers allege to yield. 
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density curves determined with a Sr®-Y® source are in 
good agreement with the manufacturer’s published data 
for x-ray exposure.‘ Type AA is preferred at Pajarito 
due to its fine grain and fairly high speed. A conven- 
tional photographic emulsion, Eastman Kodak Contrast 
Process Ortho, has been investigated and can be used; 
however, as expected, its speed and contrast under 
identical conditions are somewhat less than type M. All 
films are processed in accordance with the manufacturer’s 
instructions. 

The simplified calibration technique rests upon the 
assumption of the validity of the reciprocity law for 
charged particle and x-ray exposure and upon the work of 
Dudley,’ demonstrating the energy independence of the 
shape of the exposure-density curve for emulsions exposed 
to 8-particles over a range of energies from 0.03 to 1.2 
mev. An excellent survey of radioautography through 
1954, as applied to the biological sciences, by Norris and 
Woodruff‘ contains a rather complete bibliography of the 
subject. Some further applications of photographic 
emulsion techniques in neutron physics are mentioned by 
Yagoda.’ 


The Exposure-Density Relationship 


A digital computer has been successfully employed 
to perform a least-squares fitting of the simple den- 
sitometric function for charged particles*~ 


y =a,(1 — + a; 


to the exposure-density curve where the a, are 
parameters, y is the transmission density as measured 
by the authors on an Ansco Densitometer, and x 
is the exposure time for constant exposure intensity. 
For the purpose of autoradiographic film calibra- 
tion, the computer determines the parameters from 
the calibration data and then converts the experi- 
mental densities to exposures from 


(1/az) In {1 (y a;) /a,}. 


Although the parameters do not describe the con- 
trast and speed of a film in the traditional way, they 
are completely adequate for the purpose intended and 
for the intercomparison of films. The parameter 
a; is clearly the fog density under the image 
(usually slightly less then the measured background 
density off the image). 

In that which follows, the authors will pursue the 
remarks of Bayer, Simonds, and Williams" concern- 
ing the parametric description of densitometric 
curves by modern digital computers, with perhaps 
the same basic motives, but to a more precise con- 
clusion by a much more direct route. Since the 


4. Eastman Kodak Company, X-ray Division, Radiography in Modern 

Industry, 2nd ed., Eastman Kodak Company, Rochester, N. Y., 1957. 

5. Robert A. Dudley, Nucleonics, 12: (May, 1954). 

6. W.P. Norris and L. A. Woodruff, Ann. Rev. Nuclear Sci., 5: 297-326 

(1955) ; see also R. H. Herz, Nucleonics, 9: 24 (Sept. 1951). 

1 H. Yagoda, Radioactive Measurements with Nuclear Emulsions, John 

Wiley and Sons, New York, 1949, p. 241. 

8. H. Yagoda, ibid., p. 23. 

a H. Moore and C. G. Chezem, Trans. Am. Nuclear Soc., 1: 129 
). 

10. C. E. K. Mees, The Theory of the Photographic Process, rev. ed., 

Macmillan, New York, 1954, p. 182. 


ll. B. E. Bayer, J. L. Simonds, and F. C. Williams, Phot. Sci. Eng., 5: 
35 (1961). 
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Fig. 3. Results of circumferential measurement similar to Fig. 2. 


Hurter and Driffield curve was constructed primarily 
as a matter of graphical and psychological con- 
venience, as pointed out by Burton,'? for purely 
scientific purposes and possibly quality control in 
production, we question the necessity of adhering to 
this traditional and mathematically difficult descrip- 
tion of photographic properties. In any case, let us 
discuss an iterative method of computer data analy- 
sis which not only determines the best values of the 
parameters but also determines their precision indi- 
cators (standard deviations). The method is ap- 
plicable to any well-behaved and physically signifi- 
cant function the photographic scientist may require 
to describe his data. We wish to emphasize that the 
following method has been used successfully for a 
variety of problems in the fields of physics, chem- 
istry, and engineering at Los Alamos for fitting curves 
and surfaces containing as high as 18 parameters, 
which may suggest a further pursuit of densitometric 
problems in terms of the complicated, composite func- 
tions arising from the application of the modern con- 
cepts of image formation. We are indebted to the 
PS & E Editorial Review Board for suggesting 
the utility of the method in photographic photom- 
etry, especially in astronomical studies and image 
analysis problems. 


12. C. E. K. Mees, The Theory of the Photographic Process, rev. ed., 
Macmillan, New York, 1954, p. 165. 
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Digital Computer Techniques 


Consider a set of n observations (yi, X1i,..., Xmi) 
that are expected to be points on a curve defined 
by some functional relationship of m independent 
variables, 


The problem is to estimate values of the p parameters 
a, which best fit the function, Eq. (1), to the set of 
observations. A further requirement is to establish 
some measure of the precision of these estimates in 
terms of o(y;), the standard deviation of the observed 
y,. Of the many possible choices of the parameters, 
according to the least-squares criterion the set which 
will minimize the weighted sum-of-the-squares of 
the deviations of the observed y; from the appro- 
priate functional representation is desired; that is, 
Q = 2 [yi — F(x... P 
must be minimized with respect to the a,. The 
w, are the “‘weights” associated with each of the y,, 


= 1/oe7(y,), 


where o*(y,) is called the variance of the y;. 

Formally, the sum-of-squares is minimized by 
differentiating Q with respect to each a;, equating 
the derivatives to zero, and solving the resulting 
set of p simultaneous equations. These equations 
can be written 


n 
oq oa; 2 > w;(Of/dax)i[¥; 
i=1 
a,) | =0 (3) 


Smis iy 


fork = 1,2,...,p and (df/da,); denoting the value 
of the partial derivative at the i” point. Trans- 
posing and setting f; = f(xi,..., ---, 
a,), we obtain the usual form of the normal equa- 


tions, 


n n 
wf (of i > (df/Oa,);, 
i=1 


i=1 


(4 


solutions of which are estimates of the a, to be de- 
noted a,. 


Gaussian Iterative Technique 


The Gauss method consists essentially of linear- 
izing the desired function with respect to each of 
the parameters by means of truncated Taylor series. 
Using initial estimates of the parameters to evaluate 
the coefficients of the expansion, new estimates 
are obtained. The process is repeated until some 
convergence criterion is satisfied. 

Assume that the function is of the form of Eq. 
(1). To minimize Q in Eq. (2), initial estimates of 
the parameters, a;.o, are required, which can be con- 
sidered as a point (@}.0, @2.0, . . . , @p.o) in p-dimensional 
parameter space. Expansion of Eq. (1) in a Taylor 


series about this point, ignoring second order and 
higher terms, gives 
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Fig. 4. Simplified flow diagram of the Los Alamos iterative least- 
squares program. 


= (Of/Oax) io Ader, (5) 


In this expression, the Ay; are the differences be- 
tween the observed y; and the value of the function 
for the it» set of independent variables (i = 1,..., 
n), using the initial estimates of the a;; that is, 


and (d0f/0a,)i0 is evaluated at (ai.0, 20, G0) 
for the i'* point. Then, the Aa;,,; represent correc- 
tions to the initially estimated a,.o. 

The problem now has been reduced to a form such 
that the usual methods of linear least-squares 
analysis can be applied. The Ay; are the depend- 
ent variables, the (Of/Oa,);. are the independent 
variables, and the Aa,., are the parameters to be 
estimated. 

The system of normal equations is a set of p 
linear equations in p unknowns, which may be sum- 
marized in matrix notation as DP = Z with the 
solution D = ZP~—', where P is assumed nonsingular. 
The elements of D are Aa,;, ... , 
those of P are 


n 
Py = = w; 5.03 
jo 


and those of Z are 
Ze = D1 (of, i,05 
i=1 
where k = 1,...,pandj = 
The solution of the tag yields a set of values 
Aa;., with which to medify each of a;.o, 


= Ano + (6) 


where hf is a damping factor, less than or equal to 
unity, introduced (and discussed later) to minimize 
the possibility of nonconvergent oscillations. The 
improved estimates of the a, are then placed into 
the normal equations, and the process is repeated 
until, after q iterations, the Aa,., are all deemed suffi- 
ciently small. When this occurs, the process is 
said to have converged, and a,,, is taken to be the 
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least-squares estimate of 
a, o?(ax), are given by 


The variances of the 


= Cy o?, 


where C,, is the k'* diagonal element of the inverse,* 
P-', of the matrix P. An estimate, s’, of c? is ob- 
tained by dividing the weighted minimum sum-of- 
squares by the number of degrees of freedom (the 
surplus number of observations), 


S? = Q(min)/(n — p). 


Programming The Computer 


A simplified flow diagram of the Los Alamos 
iterative least-squares program is displayed in Fig. 
4, Since the iterative scheme of the Gauss method 
is completely general, the program is written so that 
it is a simple matter to change the functional form 
that is to be fitted to the data; i.e., the function and 
the partial derivatives are evaluated by a sub- 
routine which can be changed conveniently without 
disrupting the remainder of the program. 

An optional and useful device is to code the 
iterative scheme to allow the operator to hold an 
arbitrary number of the parameters fixed at pre- 
determined values while the others are being fitted. 
Parameter fixing attains its greatest usefulness in 
situations such as the analysis of multiple exponential 
decay where one or more of the decay constants are 
well-known and the unknown periods are being 
sought or in fixing a decay constant at zero to fit a 
constant background. It is good practice to hold 


*The inverse of the matrix P is called the variance-covariance matrix. 
The utility of this inverse matrix in forming estimates of the errors of the 
parameters or function of the parameters is discussed by Hald'*. The 
derivation of the unbiased estimate, s?, of o? is also found in this reference. 
13. A. Hald, Statistical Theory with Engineering Applications, John 
Wiley and Sons, New York, 1952, p. 638-656. 
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Fig. 5. Typical exposure-density calibration curve. 
type AA x-ray film, Sr®-Y% 8-ray source. 


Eastman Kodak 


all the parameters fixed at their estimated values in 
the initial calculations of any new problem, which 
merely yields the estimated curve to be compared 
to the observed data as an aid to the operator in 
evaluating the accuracy of his initial parameter 
guesses. 

The question of the accuracy requirements of the 
initial estimates of the parameters must be considered, 
although there is no straightforward answer because 
the speed and success of convergence depends on so 
many other factors such as the complexity and ap- 
propriateness of the function and the quality of the 
data. Convergence has been accomplished where 
estimates have been in error by several orders of 
magnitude; other problems have diverged when 
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2.697294 7E TC 
FC 
CC 


CELTA Y(t) 


1.2545S507£-02 
4.0455 
-1.1711374C-02 
8.27952 
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all estimates have differed from the best values by 
only a few percent. Reasonable and economical 
practice demands that the estimates be the best 
pcssible, whether they are derived on theoretical 
grouuds, obtained from preliminary graphical analy- 
sis, or calculated from an estimating subprogram. 

Curves obtained from photographic analyses at 
Los Alamos have been simple enough to allow ade- 
quate intuitive guesses. Automatic estimating sub- 
routines (e.g., some form of “‘curve peeling’’) have 
proved economical both in man-hours and machine 
time. 

A useful feature of the code is an option to monitor 
and /or record the progress of the problem after each 
iteration by observing the solutions of the normal 
equations; that is, the magnitude of corrections, 
the current values of the parameters, and the sum- 
of-squares. If convergence is not proceeding nor- 
mally, the offending parameter(s) usually can be 
spotted. In a nonconverging problem, it is com- 
putationally possible for the determinant of the nor- 
mal equations to go negative, in which case the 
iteration should be turned off and the troubles 
remedied. In general, meaningful convergences will 
not be obtained after about 15 iterations, and as a 
rule, from 5 to 10 iterations are sufficient for complex 
problems. The Los Alamos program ceases to iterate 
after the 25th attempt, beyond which the program 
can be restarted using the results of the 25th itera- 
tion as initial estimates. 

An important feature developed by the authors for 
the Los Alamos program is an automatic method of 
preventing nonconvergent oscillations by controlling 
the effects of large changes in the parameter values 
as the iterations proceed. After each iteration, 
each parameter is tested to see if its algebraic sign 
has changed by the addition of the full correction; 
if so, all corrections are reduced by the damping fac- 
tor, h(h = 1/2*,k = 0,1....), of Eq. (6) until the 
sign is not affected. The Los Alamos program ceases 
to iterate when h becomes too small; i.e., about 
10-". The damping feature should be bypassed 
if the physical significance of the parameters is 
such that a change of sign is permissible. 

The use of any convergence criterion other than 
that suggested, 


| A < ¢\a|, 


where ¢ is arbitrary but commonly 10~*, should be 
considered with caution. For instance, calculating 
the estimated variance of a parameter after each 
iteration and testing some function of the current 
value of the parameter and its variance would not 
guarantee attaining the minimum sum-of-squares 
and would mislead the programmer, for an unbiased 
estimate of the standard deviation or significance 
of each of the parameters is obtainable only after 
the sum-of-squares has indeed been minimized. 
We frequently have found that the standard devia- 
tion of a parameter is greater than the parameter 
itself, throwing considerable doubt upon the validity 
of the parameter and possibly demanding a recasting 
of the entire problem. 
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Checking the Solutions 


To attain a proper solution to the least-squares 
curve-fitting problem, it is necessary but not suffi- 
cient that the program converge. Nor is it enough 
to say that one set of functions is better than another 
because it yields a smaller sum-of-squares (fitting a 
long enough power series can reduce the sum-of- 
squares to zero). After convergence, the decision 
as to whether or not to accept the parameters is 
left to the experimenter. He feels confident of the 
results if the parameters are true solutions of Eq. 
(4) (some variations of the Los Alamos program 
actually make the substitution and solve Eq. (4)); 
if the parameters are approximately those expected 
from some a priori knowledge and are significantly 
different from zero, that is, if the computed con- 
fidence intervals do not include zero; and if the 
signs of the Ay, are random as the x; are consecutively 
transversed.* 

The computer print-out obtained by fitting the 
data in Fig. 5 is shown in Fig. 6. For this par- 
ticular example it was deemed reasonable to assume 
that the variance associated with each observation 
of the density was constant. In the notation above, 
o?(y;) = o*, where we have entered o = 1 since it is 
sufficient to specify the w; only to within a common 
multiplicative constant. Under these assumptions, 
the weighted variance constitutes an estimate of 
o*. The machine value of c? is 0.00169; therefore, 
an estimate of the standard deviation or uncertainty 
of each observation is 0.041 density units, which is 
rather high but not unreasonable for the densitometer 
used. For illustrative purposes the curve of Fig. 
5 has been extrapolated far beyond reasonable limits. 
The curve is used only as an interpolative function 
as its validity above a density of six has not been 
checked by the authors. 

We purposely have avoided reference to a specific 
computer system in this discussion to emphasize 
the generality of the method. Workers having 
access to IBM-704 computers may wish to consult 
a discussion by Moore and Zeigler” of available 
programs, coded by the FORTRAN shorthand 
method, for computers whose underflow is auto- 
matically set to zero. The program has recently 
been modified for use of the IBM-7090 Monitor 
System. 


* As a further indicator of “‘goodness of fit,”’ the variance of the fit, s*, 
should be approximately that known to be inherent in the dependent 
variable. When wi = 1/ci? and the yi are assumed to be distributed 
normally, it can be shown'! that the weighed sum-of-squares has a x* 
distribution with n-p degrees of freedom, thus s? is expected to be near 
unity. When the independent variables can be grouped into several 
subsets in which the m-tuple (xii, xi2, ..., xim) is the same within each 
subset, the y’s for each subset can be used to compute a variance. A 
pooled variance, sp?, can be computed from these individual variances; 
then, the ratio s?/sp? should be near unity. When this comparison ind 
cates that s? is too large, it usually implies that the function does not 
adequately represent the data. For instance, if the data actually follows 
quadratic function and only a linear function is fitted, s? will appear 1 
large (of course, the signs of Ayi will also be nonrandom). 


14. A. Hald, ibid., p. 552. 

15. R.H. Moore and R. K. Zeigler, ‘““The Solution of the General Least 
Squares Problem with Special Reference to High-Speed Computers, 
Los Alamos Scientific Laboratory Report LA-2367 (Oct. 15, 1959). 
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PHOTOGRAPHIC SCIENCE AND ENGINEERING 
Volume 5, Number 6, November-December 1961 


Relationship between Rate of Silver Halide Solution and 
Restraint of Physical Ripening by Polyvinyl Alcohol 


and Polyvinylpyrrolidone 


ERNEST J. PERRY, Research Laboratories, Eastman Kodak Company, Rochester, N. Y. 


Measurements of the rate of solution of silver halide sol crystals of constant initial size-distribu- 
tion and surface structure show that the rate of solution of these crystals in excess potassium 
bromide is greater in the presence of polyvinyl alcohol than in the presence of gelatin. The 
well-known restraint of physical ripening by polyvinyl alcohol must, therefore, be ascribed to 
the hindering effect of polyvinyl alcohol on the deposition of silver and halide ions on a growing 
silver halide crystal. Polyvinylpyrrolidone, which has also a powerful inhibiting effect on 
physical ripening, behaves differently in that it inhibits the solution of silver halide crystals much 
more than gelatin. The differences in behavior may be due to the formation of a silver-ion 


complex on the silver halide surface by polyvinylpyrrolidone but not by polyvinyl alcohol. 


Very considerable differences in the ease of crystal 
growth have been observed during the physical 
ripening of photographic emulsions, depending on 
the nature of the protective colloid present in these 
systems. The absence of any appreciable growth 
implies that neither Ostwald ripening nor coalescence 
ripening' occurs to any marked extent with a 
particular protective colloid. | Nonoccurrence’ of 
the latter type of ripening in the presence of poly- 
vinyl alcohol or polyvinylpyrrolidone may be readily 
interpreted as being due to a high level of sta- 
bilization of the emulsion grains by the protective 
colloid. However, it is not known whether the 
absence of significant Ostwald ripening is due to a 
hindering effect of the protective colloid on the 
dissolution of the smaller grains or due to interference 
with the deposition of silver and halide ions on the 
surface of a growing silver halide crystal. 

The rates of solution of silver halide grains 
prepared in the presence of a given protective colloid 
may be determined by the method of James and 
Vanselow,* but comparisons between different pro- 
tective colloids must be made on a silver halide 
material of constant and reproducible particle-size 
distribution and surface structure. This require- 
ment could be fulfilled by working with silver 
halide sols prepared in a standard way prior to the 
addition of the protective colloid. Techniques were 


Communication No. 2212 from the Kodak Research Laboratories, 
Presented at the Colloquium on Scientific Photography, Zurich, Switzer- 
land, September, 1961. Received 17 July 1961. 

L EJ. Perry, J. Colloid Sci., 14: 27 (1959). 

2 A. J. DePauw and R. C. Gerbaux, Brit. pat. 828,217 (1960). 


4. T. H. James and W. Vanselow, Phot. Sci. Tech., 2(II): 135 (1955). 


developed, therefore, for measuring rates of solution 
of silver halide crystals from such sols stabilized by 
various protective colloids. The guiding principle in 
arriving at the final experimental conditions used was 
the same as that involved in the method of James and 
Vanselow.* For the successful application of the 
method, the rate-controlling step necessarily must 
be the rate of solution of the silver halide crystals 
rather than the diffusion of dissolved silver ions to 
the catalytic surface provided by preformed nuclei, 
or the reduction of these ions by developer at 
this surface. 


Experimental Procedure 


Materials 


The following materials were used during the course of 
these studies: 

Polyvinyl alcohol. Elvanol 70-05 (98.5-100% hydro- 
lyzed), made by E. I. du Pont de Nemours and Co., 
Inc., was used following two reprecipitations in acetone. 

Polyvinylpyrrolidone. Polyvinylpyrrolidone - K - 30, 
made by General Aniline and Film Corp., was purified by 
dialysis. 

Gelatin. A lime-processed gelatin was used. 

Gold chloride. Kodak, photographic grade. 

Metol (N-methyl-p-aminophenol sulfate. Kodak Elon 
Developing Agent, photographic grade). 

All other materials used were reagent-grade chemicals. 


Methods 


Preparation of Gold Sol. The method described by 
Weiser‘ was used. Air was bubbled through the sol for 
24 hr in order to oxidize any residual excess phosphorus. 


4. H. B. Weiser, Inorganic Colloid Chemistry, Vol. 1, John Wiley and 
Sons, New York, 1933, p. 38. 
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Preparation of Silver Halide Sol I. Following equili- 
bration at 25°C, 10 ml of a 0.02 M silver nitrate solution, 
diluted to 25 ml, was poured into a continuously stirred 
solution containing 10 ml of a 0.025 M solution of potas- 
sium bromide diluted to 25 ml at 25°C. After the sol 
had been aged for exactly 5 min at 25°C, 10 ml of a6.5% 
solution of the protective colloid was added, thus ter- 
minating the 5 min of aging undergone by the ‘“‘non- 
protected sol.” 


Preparation of Developers. All developers were pre- 
pared fresh daily. The standard developer for deter- 
mining rates of silver halide crystal dissolution, subse- 
quently referred to as “Developer II,” yielded the fol- 
lowing concentrations during actual development: 
0.004033 M Metol, 0.01102 M sodium sulfite, and 0.04481 
M sodium carbonate. Special developers also used for 
this type of experiment contained the same amount of 
sodium sulfite and sodium carbonate, but either two or 
four times the above-described amount of Metol and 
sufficient sodium hydroxide to raise the pH to the desired 
level. Two Phenidone—hydroquinone developers, the de- 
tailed compositions of which are given in the succeeding 
paragraphs were also used. All pH values given refer to 
the pH levels during actual development. 


Procedure for Experiments Involving Measurements of 
Rates of Solution of Silver Halide Sols. After precipita- 
tion and preliminary aging at 25°C of silver halide sol I 
in the absence of any protective colloid, followed by 
addition of 10 ml of a 3.25% solution of such a colloid, 
5 ml of water containing the required amount of gold sol 
was added and the mixture was stirred for 2 min in a 
constant temperature bath at 25°C. The next step in- 
volved addition of 25 ml of a solution containing 20 ml 
of the developer used in a particular experiment and 
also 5 ml of a potassium bromide solution containing 
that amount of bromide which would yield the required 
total potassium bromid2 concentration during develop- 
ment. Development was continued at 25°C for the de- 
sired development period, and it was then terminated 
by addition of a mixture of 1 ml of glacial acetic acid and 
5 ml of water. Finally, the residual silver halide was 
fixed-out by addition of 4 ml of a 9.5% sodium thio- 
sulfate solution which also contained 16.3% gelatin in 
those experiments in which protective colloids other than 
gelatin had previously been added to the system. The 
purpose of adding some gelatin to the fixer solution is 
to provide for better stabilization of the suspension of 
developed silver during subsequent measurements of its 
optical density. The latter determination was carried 
out in an Eimer and Amend absorption photometer, and 
the optical densities obtained were corrected for absorp- 
tion by any components other than developed silver pres- 
ent, such as protective colloid or developer. 


Preparation of Silver-Ion Complex Solution III. This 
solution was prepared according to the method descr bed 
by Pontius and co-workers.’ Ten milliliters of a 7.93% 
solution of silver nitrate was added to 10 ml of a 7.93% 
solution of potassium chloride with stirring. The result- 
ing suspension of silver chloride was allowed to settle 
for exactly 10 min, and the supernatant liquid then re- 
moved by decantation. Finally, the silver chloride was 
dissolved in a solution of 8.060 grams of sodium thio- 
sulfate (hydrated) in 30 ml of water. The resulting 
solution of the silver-ion complex was then made up to 
100 ml, and 5 ml of the final solution was used in each 


5. 


R. B. Pontius, R. M. Cole, and R. J. Newmiller, Phot. Sci. Eng., 4: 
23 (1960). 
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experiment. The latter amount of solution, containing 
a total of 233.3 micromoles of silver and 1,623 micromoles 
of thiosulfate ions, provides for a free silver-ion concen- 
tration of 4 X 10~!3 moles/liter at 25°C. 

Preparation of Developer IV. The developer contained 
the same amount of Metol and sodium sulfite as De. 
veloper II but provided for the following concentrations 
during actual development: 0.002 M potassium bromide, 
0.0136 M sodium carbonate, and sufficient sodium hy- 
droxide to raise the pH to 10.1. 

Procedure for Determining the Effect of Protective Col- 
loids on the Ease of Reduction of Silver Ions at the Surface 
of Preformed Catalytic Nuclei by a Developer. To an 
amount of water sufficient to bring the volume of the 
reaction mixture during development to 65 ml, there 
was added 10 ml of a 3.25% solution of the protective 
colloid. This was followed by addition of 10 ml of a 
solution containing 5 ml of the silver-ion complex solu- 
tion III and by 5 ml of water containing the amount of 
gold sol used in a particular experiment. The Erlen- 
meyer flask containing this mixture was equilibrated for 
2 min in a 25°C bath with continuous stirring, and this 
was followed by addition of 25 ml of a solution contain- 
ing 20 ml of Developer IV and such amounts of dilute 
sodium hydroxide as were necessary to obtain a given 
pH value during development. Stirring was continued 
throughout the development period, which was ter- 
minated by addition of 6 ml of buffered stop-solution 
(20% potassium dihydrogen phosphate plus sufficient 
sodium hydroxide to raise the pH of the solution to 5.5) 
and 4 ml of a 9.6% sodium thiosulfate solution, which 
also contained some added gelatin if the system in- 
volved protective colloids other than gelatin. The 
presence of additional thiosulfate following termination 
of the development period by addition of the buffered 
stop-solution aided in suppressing any further undesired 
development effects through suppression of the dissocia- 
tion of the residual silver-ion complex present, thus lower- 
ing the free silver-ion concentration. The final step of 
an individual experiment was then the measurement of 
the optical density of the developed silver. 


Results and Discussion 


Rates of Solution in the Presence of Gelatin. In 
order that the rate of solution of the silver halide 
crystals will be the rate-controlling step, it is es- 
sential that a sufficient number of catalytic nuclei 
be present and that the activity of the developer be 
at a high enough level to reduce the dissolved silver 
ions at a sufficiently fast rate. In the work of 
James and Vanselow,* the silver halide emulsion 
grains were contained in coated films, together with 
an appropriate amount of a Carey-Lea silver sol. 
In the method described here, the catalytic nuclei 
are provided by a gold sol. Fogging experiments 
carried out in the absence of any added nuclei 
showed that fog formed by direct attack on the 
silver halide was negligibly small, provided the 
development time was kept below a certain value 
which depended on the concentration of the develop- 
ing agent and on the pH of the developer. 

The effect of changes in the concentration of 
gold nuclei on the velocity of dissolution in the 
presence of 10 grams of potassium bromide per liter 
is shown in Fig. 1. A sufficiently high concentration 
of these nuclei is evidently required in order that, 
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following an initial inhibition period, one may obtain 
a linear rate of increase of density with develop- 
ment time. Just as in the experiments of James and 
Vanselow,* the slope of the linear part of such a 
curve may then be conveniently used for deter- 
mination of the slope rate of the dissolution process. 

The fact, evident from Fig. 1 and confirmed 
repeatedly throughout these studies, that the slope 
of the linear part of the type of curve shown does 
not depend on the concentration of the gold nuclei 
indicates that sufficient catalytic surface is available 
to provide for reduction of any dissolved silver 
ions by developer prior to any possible redeposition 
on the silver halide surface. 

In the nonlinear part of the curves, a process 
occurring at the catalytic surface of the nuclei 
appears to affect the measured rate of density 
increase with development time. At the lowest 
gold-nuclei concentration shown in Fig. 1, the rate is 
apparently limited by the amount of available 
surface of the catalyst since, as shown in Fig. 2, a 
linear relationship between '/; power of density and 
development time applies. This relationship in- 
dicates* that the reaction rate is controlled by the 
amount of available silver surface. At the second- 
lowest gold-nuclei concentration of Figs. 1 and 2, 
such a relationship is approached but has not yet 
been attained. 

The fact that a process occurring at the catalytic 
surface affects the nonlinear, but not the linear, 
part of the density vs. development-time curve is 
also evident from Fig. 3. The slope rates obtained 
with three different Metol concentrations, and also 
with a Phenidone-hydroquinone developer are 
exactly the same, but individual density values vary 
somewhat according to the nature of the developer 
used. The data shown in Fig. 3 also indicate that, 


6. T.H. James, J. Am. Chem. Soc., 61: 648 (1939). 
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Fig. 1. Effect of number of gold nuclei on the rate of density increase 
with development time in the presence of gelatin and of 10 grams of 
KBr/liter. Developer Il, pH 10.28. 


POLYVINYL ALCOHOL AND POLYVINYLPYRROLIDONE 


> 
8F 
mg Au/liter of sol 
during development 
a 
08 
i@) _ 200 400 600 800 1000 


Development Time (sec) 


Fig. 2. Plot of (density)'/ vs. development time for two of the 
curves shown in Fig. 1. 


at least with gelatin, Developer II is sufficiently 
active so that the slope rate of solution as deter- 
mined from the linear part of the density vs. develop- 
ment-time curve, is not affected by the rate of 
reduction of dissolved silver ions at the catalytic 
surface of the preformed nuclei. 

The results of rate of solution experiments in the 
presence of five different concentrations of potassium 
bromide are shown in Figs. 4 and 5. It is evident 
from Fig. 5 that a 15-fold increase in solubility is 
accompanied by only about a 6-fold increase in rate 
of solution. The slope rate of solution and the 
equilibrium solubility vary, therefore (Fig. 5), 
in a different manner with changes in potassium 
bromide concentration. Hence, just as in the 
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DEVELOPER pH + 
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© (standard) Metol (0.004 M) 10.28 
4 —— Metol (0.008 M) 10.33 
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Fig. 3. Effect of changes in the nature and concentration of developer 
on the rate of solution of silver bromide sol crystals in the presence 
of gelatin and of 10 grams of KBr/liter. All four developers con- 
tained 0.011 mole/liter of sodium sulfite and 0.045 mole/liter of 
sodium carbonate, 3.55 mg of Au/liter of sol. 
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Fig. 4. Rates of solution of silver bromide sol crystals stabilized by 
gelatin in the presence of five different KBr concentrations. De- 
veloper ll, pH 10.28, 3.55 mg of Au/liter of sol. 


experiments of James and Vanselow,* the observed 
over-all rate is not diffusion-controlled. 

Rates of Solution in the Presence of Polyvinyl 
Alcohol and of Polyvinylpyrrolidone. Data showing 
the rates of solution of silver bromide sol crystals 
stabilized by polyvinyl alcohol and _polyvinyl- 
pyrrolidone, respectively, in the presence of various 
amounts of excess potassium bromide are included 
in Fig. 6. These values, which were independent 
of the concentration and nature of the developer 
used, were determined from the slope of the linear 
part of density vs. development-time curves such 
as those shown for gelatin in Fig. 4. 

Effect of Pre-Aging and Holding of the Silver Halide 
Sols. The effect of variations in the pre-aging time, 
i.e., the time during which the silver halide sol is 
held prior to addition of the protective colloid, was 
studied. A very moderate decrease in the rate of 
solution as determined by subsequent processing in 
the presence of gelatin was noticeable only after 20 
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Fig. 5. Comparison between the effect of KBr concentration on the 
rate of solution of silver bromide sol crystals stabilized by gelatin 
and on the equilibrium solubility’ of silver bromide. 
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min of pre-aging. As pointed out earlier, the 
standard pre-aging time used throughout these 
studies was 5 min. 

If, however, after 5 min of pre-aging, any one of 
the three protective colloids used during the course 
of this work was added, no change in the rate of 
solution occurred, even if holding was extended to 
about 24 min. The standard holding time in an 
experiment was about 2.8 min, including 2 min of 
equilibration at 25°C prior to addition of the 
developer containing the silver halide solvent. 

No significant change of the silver halide crystals 
which would affect the rate of solution appears to 
occur, therefore, from the moment of addition of 
protective colloid until dissolution begins following 
addition of developer containing a silver halide 
solvent. Comparisons of observed rates of solution, 
therefore, would appear to be based on essentially 
identical silver halide crystals. 

Determination of the Relative Effects of Gelatin and 
of Polyvinylpyrrolidone on the Ease of Reduction of 
Silver Ions at the Surface of Preformed Catalytic 
Nuclei. Since the behavior of polyvinylpyrrolidone 
was so different from that of gelatin and polyvinyl! 
alcohol, it appeared interesting to gain additional 
and independent information on the relative degree 
of restraint exerted by these protective colloids on 
the reduction of silver ions at a catalytic surface. 
A method, therefore, was devised which permits 
comparisons of this type between various protective 
colloids. In these experiments the silver ions under- 
going the reduction process are furnished not by the 
dissolution of silver halide crystals, but by dis- 
sociation of a silver ion—thiosulfate complex which is 
present in excess so that the change in free silver- 
ion concentration during the observed reaction is 
negligibly small. Fogging experiments carried out 
in the absence of the gold sol confirmed the fact 
that no direct interaction between developer and 
silver-ion complex occurred under the experimental 
conditions used. 

The objective of these measurements thus is to 
determine the rate at which silver ions, kept at a 
constant concentration, are reduced by a constant 
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Fig. 6. Comparison between the effects of KBr concentration on the 
rate of solution of silver bromide sol crystals stabilized by gelatin, 
polyvinyl alcohol, and polyvinylpyrrolidone, respectively. 
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developer concentration in the presence of a constant 
number of gold nuclei, the only variable being the 
protective colloid which is present. In the presence 
of a given protective colloid, the rate of reaction, 
therefore, should vary proportionally to the catalytic 
surface area. The results of experiments carried 
out at three different levels of developer activity 
corresponding to pH 9.0, 9.6, and 10.0 are shown in 
Fig. 7. A plot (Fig. 8) of the '/; power of the density 
vs. development time results in a linear relationship 
between these two variables only at the highest of 
the three pH values shown, where the expected 
limitation of the reaction by the available catalytic 
surface area then applies. This phenomenon may 
be due to the excess thiosulfate ions present which 
are known’ to be very strongly adsorbable to a 
silver surface and which, through competitive 
adsorption, may render the effective surface area of 
the catalyst different from the geometric one, unless 
the developer is at a certain minimum level of 
activity such as that corresponding to pH 10.0. 

The relationship between development time and 
1/, power of the optical density is shown in Fig. 9 
for reactions carried out in the presence of either 
gelatin or polyvinylpyrrolidone. The _ restraint 
which polyvinylpyrrolidone exerts on the reduction 
of silver ions by a developer at the surface of a 
preformed catalyst is seen to be actually considerably 
smaller than that exerted by gelatin. The con- 
clusions given below relating to the considerably 


7. G. W. W. Stevens and P. Block, J. Phot. Sci., 7: 111 (1959). 
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Fig. 7. Effect of developer pH on the rate of physical development 
in the presence of gelatin. Constant concentration of silver ions 
supplied by silver-ion complex solution Ill. Developer IV, 1.54 mg 
of Au/liter of sol. 
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Fig. 8. Plot of (density)!/* vs. development time for data shown in 
Fig. 7. 


greater restraint of polyvinylpyrrolidone on the 
rate of solution of silver halide crystals cannot 
possibly be invalidated, therefore, by any develop- 
ment effects which would tend to obscure the result 
of rate of solution measurements carried out in the 
presence of polyvinylpyrrolidone. 


Conclusions 


A comparison between the effects of gelatin, of 
polyvinylpyrrolidone, and of polyvinyl alcohol on 
the rate of solution of silver bromide sol crystals in 
the presence of various amounts of excess potassium 
bromide may be made by reference to Fig. 6. 
Although both polyvinyl alcohol and _ polyvinyl- 
pyrrolidone are known to restrain the physical 
ripening of silver halide emulsion grains in such 
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Fig. 9. Effect of polyvinylpyrrolidone and gelatin, respectively, on 
the rate of physical development of a constant silver-ion concentra- 
tion supplied by silver-ion complex solution Ill. Developer IV, pH 
10.1, 1.54 mg of Au/liter of sol. 
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silver halide solvents as excess potassium bromide, 
considerably more than gelatin, only polyvinyl- 
pyrrolidone is seen to have a greater restraining 
effect on the crystal dissolution process which must 
precede any subsequent Ostwald ripening. The 
rate of solution in the presence of polyvinyl! alcohol 
is actually greater than in the presence of gelatin. 
Hence, the very considerable restraining power of 
polyvinyl alcohol on the physical ripening process 
must be entirely due to the interfering effect of this 
protective colloid on the growth of silver halide 
crystals. By analogy with theories’ currently 
held on the effect of “‘growth poisons” during crystal 
growth, this effect would then be due to blocking or 
hindering of step motion by adsorption of poly- 
vinyl alcohol at potential growth steps of the 
silver halide surface. 

The further effect involved in the restraint of 
physical ripening by polyvinylpyrrolidone is the 
ability of this protective colloid to inhibit the dis- 
solution of silver halide grains in the presence of a 
given concentration of silver halide solvent to a 
much greater extent than gelatin. Recent studies 
by Gilman’ have indicated that, at least in certain 
systems, inhibition of crystal dissolution should be 
attributed to chemisorption, rather than to simple 


8. G. W. Sears, J. Chem. Phys., 29: 1045 (1958). 
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physical adsorption, of the inhibitor at kinks in 
surface steps. The chemisorbed inhibitor then has 
the effect of slowing down the motion of kinks which 
is involved in the dissolution process. It is quite 
possible that the difference between the effects of 
polyvinyl alcohol and of polyvinylpyrrolidone on the 
dissolution of silver halide grains is due to the 
different manner in which polyvinyl alcohol and 
polyvinylpyrrolidone are held to a silver halide 
surface. The attractive forces acting on polyvinyl 
alcohol would be expected to involve interaction 
between ions of the silver halide surface and polarized 
hydroxyl groups. In the case of polyvinylpyr- 
rolidone, however, formation of a complex be- 
tween the silver ions of the silver halide surface 
and the nitrogen atoms contained in the polymer 
may play an important part in adsorption processes 
involving this protective colloid. 
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Effect of the Protective Colloid on the Ratio of Chemical 
to Physical Development in Silver Bromide Sols 


ERNEST J. PERRY, Research Laboratories, Eastman Kodak Company, Rochester, N. Y. 


The ratio of chemical to physical development of silver bromide sol crystals stabilized by dif- 
ferent protective colloids varies according to their effects on the rate of solution of the silver 
halide. In the presence of 0.25 grams of KBr/liter and either copolyethyl acrylate—acrylic 
acid, polyacrylamide, or gelatin, the relative values of the rates of solution were found to be 
68:19:1. Increasing physical development superimposed on chemical development caused 
progressively greater thickening of the developed silver filaments, changes in color and reduc- 
tion in covering power of the developed silver, increases in speed and fog, and, under certain 
conditions, in gamma. On the other hand, the increase in speed produced by incorporating a 
constant amount of silver sulfide by Loening’s method was not affected by the increase in super- 
imposed physical development caused by the acrylic copolymer. The gamma of the sensitized 
material was lowered by increased physical development. In the Metol-sulfite developer used, 
the induction period disappeared in the presence of the acrylic copolymer, but the development 
kinetics were remarkably similar for gelatin and polyacrylamide. 


Sensitometric results obtained with photographic 
systems have long been known to depend on the 
developer used. A more rational understanding of 
this phenomenon has come about through the 
work of James and Vanselow,! who have shown that 
one important parameter by which a developer 
composition may be characterized is the rate of 


degrees of pressure by the matrix on the developed 
silver. 

Studies based on silver halide sols permit the 
preparation of a light-sensitive material in the 
absence of any protective colloid. For a given age 
of the sol this material then possesses a constant 


distribution of particle sizes and crystal irregularities. 
Experimental evidence to be presented here indicates 
that, under certain conditions, these attributes 
prevailing at a certain age of the nonprotected sol 
may then be stabilized by addition of the protective 
colloid, at least for the period of time required to 
complete a given experiment. 

A further advantage of work with sols is that, 
as shown in an earlier paper,’ silver halide sol 
crystals can be used to determine the effect of 
various protective colloids on the rate of solution of 


solution of silver halide grains in it. The ratio of 
chemical to physical development depends on this 
tate of solution which, in turn, affects the weight 
of the developed silver, its covering power, its 
morphological characteristics, and its color. 

So far as the author knows, no work has been 
published in which the role of the protective colloid 
has been considered in this respect. One possible 
reason may be the difficulty of drawing nonambig- 
uous comparisons between two coated emulsion 


systems containing different vehicles. A more silver halide crystals by a new method which applies 
. direct study of certain photographically important to sols the principles of the method of James and 
effects which protective colloids have on silver Vanselow! for determining solution rates of emulsion 
0 halide crystals may be carried out by using silver grains incorporated in gelatin coatings. Hence, 


halide sols instead of coated emulsion grains, 
because this approach eliminates a number of 
variables which are affected by the protective 
colloid. These variables pertain not only to the 
ay formation of the silver halide grains but apply also 
to certain complicating matrix effects, such as 
- those associated with different degrees of per- 
sh- meability to developer by two different matrix 
materials, as well as pressure effects due to varying 


direct correlations of sensitometric results obtained 
with silver halide sols containing certain protective 
colloids can be made with measurements of the rates 
of solution of silver halide sol crystals in the presence 
of these same protective colloids. 


Experimental Materials and Methods 


Materials 
zen, =. Copolyacrylate. The sodium salt of an 80/20 copolymer 
Communication No. 2213 from the Kodak Research Laboratories, pre- of ethyl acrylate and acrylic acid prepared in the Kodak 


ond “ated at the Colloquium on Scientific Photography, Ziirich, Switzerland, Research Laboratories was purified by dialysis. 
September 1961. Received 26 July 1961. 


2. E.J. Perry, paper presented at Colloquium on Scientific Photography, 


l. T.H. James and W. Vanselow, Phot. Sci. Tech., 2(II): 135 (1955). Ziirich, September 1961; Phot. Sci. Eng., 5: 349 (1961). 
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Polyacrylamide. Polyacrylamide-75, made by Ameri- 
can Cyanamid Co., was purified by two reprecipitations 
in acetone. 

Gelatin. A lime-processed gelatin was used. 

Metol (N-methyl-p-aminophenol sulfate. Kodak Elon 
Developing Agent, photographic grade). 

Silver Nitrate. Kodak Photographic Grade. 

Resorcinol. Kodak White Label Grade. 

All other chemicals were reagent grade. 


Methods 


Preparation of Silver Halide Sols. Two types of silver 
bromide sols were used in this work. 

Type I sols. Following equilibration at 25°C, 10 ml 
of a 0.002 M silver nitrate solution diluted to 25 ml was 
poured into a continuously stirred solution of 10 ml of a 
0.0026 M potassium bromide solution which had been 
previously diluted to 25 ml. After the sol had been aged 
for exactly 10 min at 25°C, 5 ml of water and 10 ml ofa 
3.25% solution of a protective colloid were added. Al- 
ternatively, the 5 ml of water was replaced by 5 ml of a 
6.5% solution containing a second protective colloid. 
During certain sensitization experiments, the afore- 
mentioned 5 ml of water contained a suitable amount of 
sodium sulfide. During certain other experiments, the 
second protective colloid was added after exposure and 
before development. Each portion of sol prepared in 
this manner was then individually exposed and proc- 
essed as described. 

A quantitative determination of the particle size of 
Type I sols by electron microscopy is not possible be- 
cause of the high gelatin/silver halide ratio. However, 
results obtained with similar sols for which this ratio 
was lower indicate that the diameter of the sol particles 
is approximately 0.02 u. 

Type II sols. Ten milliliters of a 0.25 M silver 
nitrate solution diluted to 25 ml was added to a rapidly 
stirred solution of 10 ml of a 0.3006 M potassium bromide 
solution diluted to 25 ml following equilibration at 25°C. 
Stirring at this temperature was continued for exactly 
10 min, and 10 ml of a 3.25% solution of the protective 
colloid was then added. An electron micrograph of the 
sol crystals of the silver bromide sol, hereinafter referred 
to as the “concentrated sol,’’ obtained in this manner is 
shown in Fig. 1. The sol crystals are spherical and the 
diameters lie in the range 0.05—0.25 uy. 

Three 1.0-ml portions of the concentrated sol were 
then pipetted into three beakers, each of which contained 
54 ml of water and 10 ml of a 3.25% solution of the pro- 
tective colloid. Alternatively, the mixture, kept at a 
constant volume of 65 ml, contained also a similar quan- 
tity of a second protective colloid. Three portions of this 
diluted sol were then exposed and processed simul- 
taneously. In certain experiments, the second protective 
colloid was added after exposure and before development. 
Suitable adjustments in the amount of water present 
and/or the concentrations of the protective colloid 
solution were then made so that the volumes used were 
always kept at the following levels: 65 ml during exposure; 
90 ml during development; and 100 ml prior to deter- 
mination of the density of developed silver. 

Instantaneous Sensitization of Sols. In order to 
compare the behavior of sols containing different protec- 
tive colloids but otherwise identical not only with re- 
spect to particle size and distribution of crystal irregu- 
larities but also with regard to content of chemical sensi- 

tizing substance, Type I sols were subjected to pro- 
cedures described by Loening* which lead to virtually 
instantaneous sulfur-sensitization by sodium sulfide. 
Following the 10-min initial aging period of the sol, and 
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20 sec prior to addition of the protective colloid, 5 ml 
of a solution containing 3.3 ug of sodium sulfide was 
then added. 

Sensitization of Sols by Sodium Thiosulfate in the 
Presence of a Protective Colloid. In order to study the be- 
havior of sols in which the sensitizing substance, silver 
sulfide, had been formed by heating in the simultaneous 
presence of protective colloid and of sodium thiosulfate, a 
series of systematic experiments was carried out with a 
given protective colloid in order to determine the opti- 
mum combination of the three parameters: amount of 
sodium thiosulfate, sensitization temperature, and sensi- 
tization time. The sols (also referred to as Type I be- 
cause there is no subsequent dilution) used for these 
studies contained twice as much silver bromide (here 10 
ml of 0.004 M AgNO,, diluted to 25 ml, was added to 10 
ml of 0.00423 M KBr, diluted to 25 ml) as compared to 
the nonsensitized or the instantaneously sensitized sols, 
and the optimum amount of sodium thiosulfate was 
added following addition of the protective colloid and 
prior to heating for the purpose of sensitization. After 
completion of sensitization and prior to exposure, 1.0 
ml of 0.00468 M KBr was added to the sol. 

The speed increases obtained were then determined by 
comparison with a sol heated for the same length of time 
and at the same temperature but in the absence of so- 
dium thiosulfate. Such an evaluation of speed increases 
is possible because the increase in particle size of the sol 
during heating was found, by turbidimetric size deter- 
mination, to be very little affected by the optimum 
amount of thiosulfate required for sensitization. How- 
ever, comparisons between different protective colloids 
require a very careful appraisal of any differences in par- 
ticle size increase which may occur during the heating 
of sols containing different protective colloids. 

Exposure of Silver Halide Sols. The sols were exposed 
in a special sensitometer built in the Kodak Research 


3. E. E. Loening, Sci. et ind. phot., (2)23A: 199 (1952). 


Fig. 1. Electron micrograph of a Type Il sol. 
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Laboratories. This instrument is equipped with a light 
source (500-watt projection lamp, color temperature 
9940°K at 90 v) of controlled intensity and with a 
shutter. Characteristic (H. and D.) curves in which the 
log-exposure scale is either a time scale or an intensity 
scale were obtained. In order to obtain characteristic 
curves of the latter type, exposures at constant light 
intensity and exposure time were carried out through a 
series of silver filters which were equal in density to cer- 
tain steps of a typical photographic step wedge. De- 
pending on the sensitivity of the series of sols investigated, 
lamp current and distance of the lamp from the sol were 
varied in order to operate within a suitable range of il- 
jlumination. These two parameters, of course, were kept 
constant for all experiments for which results are shown 
in a given figure. 

Development of Sols. After exposure, the sols were 
equilibrated for 2 min at 25°C and then developed, with 
continuous stirring, following addition of 25 ml of a de- 
veloper solution (prepared fresh daily) which resulted 
in the following concentrations during development 
(except for special experiments where other concentra- 
tions are specifically indicated): 0.00403 M Metol, 
0.01103 M sodium sulfite, 0.002 M potassium bromide, 
0.0139 M resorcinol, 0.0136 M sodium carbonate, and 
sufficient sodium hydroxide to furnish a pH value of 9.0 
during development. The purpose of the resorcinol is 
to serve as a photographically innocuous buffer sub- 
stance which is effective in this pH region. Use of borate 
buffer mixtures was avoided in order to obviate inter- 
action effects with any hydroxyl-group-containing 
polymers which might be studied. 

Following completion of the desired developing period, 
development was halted by addition of 6 ml of a buf- 
fered stop solution (200 grams of potassium dihydrogen 
phosphate per liter plus sufficient sodium hydroxide to 
raise the pH to 5.5). Addition of this amount of buffered 
stop solution to the developing sol results in a pH of 
approximately 6.4. Finally, a solution of 0.384 gram 
of sodium thiosulfate (hydrated) in 4 ml of water was 
added to fix out the undeveloped silver halide. For 
sols to which no gelatin had previously been added, the 
fixer solution contained also 0.325 gram of gelatin in 
order to provide for better stabilization of the developed 
silver during subsequent operations. 

Evaluation of Experimental Results. The optical den- 
sity of the developed silver was measured by means of an 
Eimer and Amend absorption photometer. (Length of 
light path in absorption cell was 4.5 cm.) Inasmuch as 
the relationship between optical density and concentra- 
tion for a given type of silver was found to deviate some- 
what from linearity, an empirical correction factor was 
applied to compensate for this effect. All optical densi- 
tis shown in these diagrams were corrected in this 
manner. 


Whenever it was desired to determine the covering 
power of the developed silver, the amount present was 
determined by gravimetric analysis. The silver was then 
separated by centrifuging, washed, redissolved in nitric 
acid, and, finally, titrated potentiometrically in an am- 
monium acetate buffer mixture with a potassium iodide 
solution. 

Determination of the morphology of the developed 
silver was carried out by electron microscopy. The dis- 
lance between corresponding sides of the two vertical 
bars shown in each electron micrograph is equal to 1 yu. 

Determination of Rates of Solution of Silver Halide Sol 
Crystals in the Presence of a Given Protective Colloid. 
A full description of the experimental method used is 
given in another paper.? 
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Experimental Results 


Effect of Aging the Silver Halide Sols in the Absence 
and in the Presence of Protective Colloid. Figure 2 is 
the plot of the density of developed silver obtained 
after a constant set of exposure and development 
conditions as a function of the time of pre-aging the 
sols in the absence of any protective colloid. After 
completion of each pre-aging period shown in Fig. 2, 
gelatin was added to the sol which was then im- 
mediately exposed and developed. The sensitivity 
of the sol is seen to increase with pre-aging time. 
If, however, following a pre-aging time of 10 min, 
protective colloid was added, this slow increase in 
particle size was arrested, and the photographic 
sensitivity of the sol remained constant, at least 
throughout the period of time required to complete 
any experiment which was carried out during the 
course of these studies. 

Results Obtained with Nonsensitized Type I Sols 
Containing Copolyacrylate or Gelatin or Both. Figure 
3 shows a comparison of characteristic curves of non- 
sensitized silver bromide sols containing various 
combinations of copolyacrylate and gelatin. The 
development time for four of these curves was 10 
min, while the silver halide sol containing only 
copolyacrylate was developed for only 2 min. In 
this case, development after exposure in the shoulder 
region of the characteristic curve was complete 
after 2 min, and a further extension in development 
time led only to a substantial increase in fog. 

The developed silver from a sol containing only 
gelatin is shown in Fig.4A. The silver is filamentary 
and the thickness of the filaments lies in the range of 
150-200 A. The color of this silver was gray. 
The developed silver from sols containing only 
copolyacrylate shown in Fig. 4B was yellowish- 
brown. Its thickness lies in the range of 400-500 A. 
The silver obtained by development in the presence 
of both copolyacrylate and gelatin shown in Fig. 
4C was similar in color to that obtained in the 
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Fig. 2. Effect of pre-aging time in the absence of protective colloid, 
followed by 44 sec of holding in the presence of gelatin prior to an ex- 
posure of 30 sec. Development time, 10 min. 
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Fig. 3. Characteristic curves of Type | sols stabilized by various com- 
binations of copolyacrylate and gelatin during exposure and develop- 
ment. 


presence of gelatin alone. Only a fraction of the 
filaments are seen to have undergone partial thicken- 
ing as compared to silver formed by development in 
the presence of gelatin alone. 

The difference in covering power between sols 
developed in the presence of either copolyacrylate 
or gelatin alone, at density levels corresponding to 
various parts of the characteristic curve, is shown in 
the graphs of Fig. 5. The well-known decrease in 
covering power in going to lower densities by 
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descending along the characteristic curve, which is 
associated with selective developability of the ever 
more sensitive, i.e., the ever larger crystals, is also 
evident in these data pertaining to silver halide 
sols. 

Figure 6 shows the different rates of solution of 
silver bromide sol crystals stabilized by gelatin, by 
copolyacrylate, and by a mixture of these two 
protective colloids, respectively, in a given developer. 
The slope of the linear part of these curves is pro- 
portional to the rate of solution of the silver halide 
crystals by the silver halide solvent present. 

Plots of log (D. — D.) vs. development time for 
three sols containing various combinations of 
copolyacrylate and gelatin are shown in Fig. 7. 
The exposure level used corresponded to the shoulder 
region of the characteristic curves. Initially, the 
rate of development of the sol containing both 
copolyacrylate and gelatin was slightly slower than 
for the all-gelatin sol, but a break towards faster 
development occurred at a later stage. Although 
the effect shown here is small, it is real, and has been 
confirmed. The break is much sharper with smaller 
sol crystals. The over-all rate of development of 
the sol containing only copolyacrylate is considerably 
faster than that for the all-gelatin sol. Formation 
of fog also occurs much more rapidly in the copoly- 
acrylate-stabilized sol. 

Behavior of Chemically Sensitized Type I Sols 
Containing Copolyacrylate or Gelatin or Both. Fol- 
lowing procedures analogous to those described by 
Loening* for the virtually instantaneous sen- 
sitization of silver halide sols by sodium sulfide in 
the absence of any protective colloid, it was found 
that, for Type I sols, the amount of sodium sulfide 


Fig. 4. Electron micrographs of developed silver from Type | sols stabilized by (A) gelatin; (B) copolyacrylate; and (C) copolyacrylate during 


exposure, and by copolyacrylate and gelatin during development. 
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Fig. 5. Relationship between covering power and density values cor- 
responding to various points on the characteristic curves of two Type | 
sols stabilized by copolyacrylate and gelatin, respectively. 


producing a maximum speed increase without 
excessive fog was equal to 3.3 ug of sodium sulfide. 

The speed increase produced by this amount of 
sensitizing substance in an all-gelatin sol was found 
to be 1.95, as is evident from Fig. 8. The gamma 
values are seen to be the same. 

Sols sensitized by the same amount of sodium 
sulfide and exposed in the presence of copolyacrylate 
alone showed exactly the same speed increase of 
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Fig. 6. Rates of solution of silver bromide sol crystals stabilized by 
various combinations of copolyacrylate and gelatin in the presence of 
0.25 grams of KBr/liter; 3.83 mg of Au/liter. (A) First protective col- 
loid added; (B) second protective colloid added; and (C) ratio of slope 
rate to slope rate in presence of gelatin. 
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1.95 (as measured at the beginning of the straight- 
line region of the characteristic curve) when de- 
veloped either in the absence or in the presence of 
gelatin (Fig. 9). However, a comparison of the two 
sets of curves shown in Fig. 9 reveals differences in 
the extents of the toe regions and, therefore, also 
differences in the values of the reference densities 
which were used for the measurement of speed 
increases. The three sets of curves shown in Figs. 8 
and 9 also differ with respect to the change of gamma 
after sensitization. 

In a different type of experiment involving 
sensitization in the presence of protective colloid 
and of sodium thiosulfate, the optimum combinations 
of sodium thiosulfate, sensitization temperature, 
and sensitization time were determined for two 
separate digestion series involving: 

Sensitization by Sodium Thiosulfate in the Presence 
of Copolyacrylate, Followed by Exposure and Development 
in the Presence of this Protective Colloid Alone. For ex- 
posures within the linear region of the characteristic curve, 
the filaments of developed silver (Fig. 10A) were con- 
siderably thicker than the developed silver from a simi- 
larly sensitized all-gelatin sol (Fig. 10B). The color of 
the thick filaments was brown whereas that of the thin 
filaments was gray. However, if the all-copolyacrylate 
sol was exposed within the shoulder region of the charac- 
teristic curve, the developed silver (Fig. 10C) was gray 
and showed no substantial thickening. 

Sensitization and Exposure in the Presence of Copoly- 
acrylate, Followed by Development in the Presence of Both 
Copolyacrylate and Gelatin. The morphology of the 
developed silver (Fig. 10D) then reveals very little 
thickening as compared to the all-gelatin system. 
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Fig. 7. Rate of development of Type | sols stabilized by various com- 
binations of copolyacrylate and gelatin following exposures correspond- 
ing to the shoulder region of the characteristic curves. 
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Fig. 8. Effect of instantaneous sensitization by 3.3 ug of sodium sulfide 
on the characteristic curves of a Type | sol stabilized by gelatin. De- 
velopment time, 10 min. 


A comparison of characteristic curves involving this 
type of sensitization showed that maximum obtainable 
speed increases (without excessive fog) were greater if 
development was carried out in the presence of gelatin 
following sensitization and exposure in the presence of 
copolyacrylate alone. 

Behavior of Nonsensitized Type II Sols Containing 
Copolyacrylate or Polyacrylamide. The larger var- 
ticle size and hence greater sensitivity of Type II 
compared to that of Type I sols makes it possible to 
obtain characteristic curves in which the exposure 
scale is an intensity rather than a time scale, without 
the necessity for excessively long exposure times or 
inconveniently high exposure intensities. Charac- 
teristic curves of this type for sols containing 
combinations of gelatin and either copolyacrylate or 
polyacrylamide during exposure and development 
are shown in Figs. 11 and 12, respectively. 

The difference in the thickness of the filaments of 
developed silver from Type II sols stabilized by 
either polyacrylamide or gelatin is evident from 
inspection of Figs. 13A and 13B. The rate of 
solution of the former type of sol in the presence of 
0.25 gram of KBr /liter is 19 times as fast as that of 
the latter type of sol (Fig. 14). In the presence of 
both polyacrylamide and gelatin, however, the rate 
of solution is only about 1.5 times as great as that of 
a sol which contains only gelatin. 

A comparison of the rates of development of fully 
exposed Type II sols stabilized by copolyacrylate, 
gelatin, and polyacrylamide, respectively, is given in 
Fig. 15, and the corresponding log (D. — D.) vs. 
development time plots for two of these systems are 
shown in Fig. 16. The curves relating density 
vs. development time for sols stabilized by either 
copolyacrylate or polyacrylamide differ from the 
corresponding curve for the gelatin-stabilized sol in 
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Fig. 9. Effect of instantaneous sensitization by 3.3 ug of sodium sulfide 
on the characteristic curves of Type | sols stabilized by various combi- 
nations of copolyacrylate and gelatin. 


containing a concave portion. This phenomenon 
occurs at a later stage of the development process 
of the polyacrylamide-stabilized sol as compared to 
the sol containing copolyacrylate. A comparison of 
densities obtained after 5 sec of development shows 
the curves for either gelatin or polyacrylamide still 
entirely dominated by an induction period while 
development of the copolyacrylate-stabilized sol 
has then already occurred to a considerable extent. 


Discussion 


Photographically important properties of protec- 
tive colloids may be compared most readily by 
reference to the same light-sensitive material. Two 
significant parameters which critically affect the 
photographic sensitivity of such a material are 
particle size plus extent and distribution of crystal 
irregularities. The pre-aging of a sol in the absence 
of protective colloid would be expected to involve 
an increase in sensitivity due to an increase in 
particle size, accompanied by a decrease in surface 
sensitivity due to perfection of the crystal surface. 
Any substantial amount of coagulation would 
probably also lead to a decrease in the ratio of surface 
to internal sensitivity due to the creation of new 
internal surfaces following coalescence processes. 
It is evident from Fig. 2 that here the most impor- 
tant effect is the increase in particle size. It is not 
surprising that, after a pre-aging period of 10 min, 
the photographic sensitivity may be readily sta- 
bilized by addition of protective colloid, at least for 
the duration of the experiments which are being 
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carried out. In the presence of the protective 
colloid, coalescence processes do not occur to any 
significant extent, and there is little tendency for 
Ostwald ripening at the temperature (25°C) at 
which experiments are carried out and in the absence 
of significant amounts of silver halide solvents. 
Studies with silver halide sols render it possible to 
separate protective colloid effects related to the 
formation of the latent image from development 
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effects. A comparison of the characteristic curves 
of Fig. 3 shows that a sol containing the same 
latent image after exposure in the presence of gelatin 
alone results in higher speed without change of 
gamma if development is carried out following 
addition of copolyacrylate. Conversely, for a sol 


exposed in the presence of copolyacrylate alone, the 
speed is far greater and the shape of the charac- 
teristic curve is altered considerably after develop- 


A. \e 


Fig. 10. Electron micrographs of developed silver from sodium thiosulfate-sensitized, Type | sols, exposed within , ane (A,B,D,) and shoulder (C) re- 
gions of the characteristic curve. The protective colloids used were (A) copolyacrylate; (B) gelatin; (C) copolyacrylate; and (D) copolyacrylate during 
sensitization and exposur >, followed by development in the presence of copolyacrylate and gelatin. 
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Fig. 11. Characteristic curves of Type Ill sols stabilized by various com- 
binations of copolyacrylate and gelatin during exposure and develop- 
ment. 


ment without the added presence of gelatin. An 
appraisal of relative efficiencies of latent-image 
formation in the presence of different protective 
colloids may be carried out by comparing two charac- 
teristic curves involving the same development 
conditions (in the presence of both copolyacrylate 
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Fig. 12. Characteristic curves of Type Il sols stabilized by various com- 
binations of polyacrylamide (PAA) and gelatin during exposure and 
development. 


and gelatin). At longer exposure times the sol 
involving exposure in the presence of both copoly- 
acrylate and gelatin is then seen to yield higher 
densities than the sol which contains only copoly- 
acrylate during exposure. 

Four different types of experimental evidence 
have been found which indicate that differences in 
the characteristic curves, such as those just outlined, 
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Fig. 13. Electron micrographs of developed silver from Type Ill sols stabilized by (A) polyacrylamide and (B) gelatin. 
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which are clearly related to the effect of the protec- 
tive colloid on the development process rather than 
on the formation of the latent image, may be ascribed 
to the effect of the protective colloid on the ratio of 
chemical to physical development. 

The Morphology of the Developed Silver. The 
filamentary silver from an all-gelatin sol shown in 
Fig. 4A lies in the same range of thickness (150-200 
A) which has previously been found‘ to be charac- 
teristic for filaments of chemically developed silver 
from conventionally prepared coated silver halide 
emulsion grains. A previous conclusion‘ that the 
size of the silver halide grains has little or no effect 
on the thickness of the silver filaments obtained by 
predominantly chemical development of these grains 
applies, therefore, also to the small silver halide 
crystals found in silver bromide sols. As indicated 
by the morphology of the developed silver shown in 
Fig. 4A, the characteristic curve of the all-gelatin 
sol shown in Fig. 3, therefore, represents the results 
of predominantly chemical development. On the 
other hand, the 400-to 500-A-thick filaments, or 
nearly elliptical particles of the developed silver 
shown in Fig. 4B indicate that a considerable part 
of the developed silver from the all-copolyacrylate 
sol referred to in Fig. 3 is the result of superimposed 
physical development; i.e., the physical develop- 


4. C. R. Berry, Wissenschaftliche Photographie (Ergeb. Intern. Konfer. 
Wiss. Phot., Kéln, September 1956), Helwich Verlag, Darmstadt, 
1958, p. 72. 
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Fig. 14. Rates of solution of silver bromide sol crystals stabilized by 
various combinations of polyacrylamide (PAA) and gelatin in the pres- 
ence of 0.25 grams of KBr/liter; 3.83 mg of Au/liter. (A) First pro- 
tective colloid added; (B) second protective colloid added; and (C) 
tatio of slope rate to slope rate in presence of gelatin. 
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Fig. 15. Rate of development of Type Il sols stabilized by various 
protective colloids. The sols contained the following concentrgtions 
during development: 0.002 M Metol, 0.0055 M sodium sulfite, 0.002 
M potassium bromide, 0.007 M resorcinol (buffer), 0.007 M sodium car- 
bonate, and sufficient sodium hydroxide to raise pH to 9.0. Exposure 
corresponding to the shoulder region of the characteristic curves. 
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Fig. 16. Plot of log (D. — D:) vs. development time for data shown 
in Fig. 15. 
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ment of dissolved silver ions on the surface of the 
chemically developed silver filaments. It is evident 
from the morphology of the filaments shown in 
Fig. 4C that this process occurs much less readily 
during development in the presence of both copoly- 
acrylate and gelatin. The reason why sols contain- 
ing the same latent image, because they were exposed 
in the presence of copolyacrylate alone, yield con- 
siderably less developed density if gelatin is also 
present during development (Fig. 3) is, therefore, 
clearly the considerably smaller amount of super- 
imposed physical development which had occurred 
in this system as compared to the all-copolyacrylate 
sol. 

The Color of the Developed Silver. The yellowish- 
brown color of the developed silver from the all- 
copolyacrylate sol referred to in Fig. 3 is an in- 
dication® that a substantial amount of solution 
physical development had occurred. 

The Covering Power of the Developed Silver. The 
appreciably lower covering power of an all-copoly- 
acrylate sol as compared to that of an all-gelatin 
sol, which is evident from Fig. 5, is another in- 
dication® of considerable participation of solution 
physical development in the formation of the 
developed silver. 

The Relative Rates of Solution in a Given Developer 
of Silver Halide Sol Crystals in the Presence of the 
Specified Protective Colloid or Mixture of Protective 
Coiloids. According to Fig. 6, if the sol crystals are 
stabilized by copolyacrylate, the rate of solution in 
the presence of 0.25 gram of KBr/liter will be 68 
times as great as if they were stabilized by gelatin. 
In the presence of both copolyacrylate and gelatin, 
however, the increase in the rate of solution is only 
about 1.5-fold. In accordance with these dif- 
ferences in the relative rates of solution in the 
developer used, superimposed physical development 
would be expected to be very pronounced in the all- 
copolyacrylate sol but only moderate for the sols 
which were developed in the presence of both copoly- 
acrylate and gelatin. The experimental results 
shown in Figs. 3 and 4 indicate that this is indeed the 
case. 

The effects of various ratios of chemical to physical 
development on the rate of development may be 
deduced by reference to Fig. 7. The over-all 
rate of development of an all-copolyacrylate sol, 
which comprises a chemical as well as a substantial 
superimposed physical component, is considerably 
faster than that for an all-gelatin sol. A sol con- 
taining both copolyacrylate and gelatin developed 
initially at a slightly slower rate than an all-gelatin 
sol. At a later stage, however, a break towards 
faster development occurred. The break pre- 
sumably marks the onset of more substantial 
superimposed physical development. The rather 
sudden onset of relatively substantial physical 
development has recently been noted by Eggen- 
schwiller and Jaenicke.’ According to these workers, 
chemically developing silver passes through a sharp 


5. TT. H. James and W. Vanselow, Phot. Sci. Eng. 1:104 (1958). 
6. H. Eggenschwiller and W. J: icke, Z. Elektroch , 64: 391 (1960). 
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optimum with regard to its effectiveness to provide 
a catalytic surface for physical development. 

The speed increase obtained in the presence of a 
constant amount of a substance, such as silver 
sulfide, which has a chemically sensitizing effect, 
is not affected by changes in the ratio of chemical to 
physical development. This is evident from a 
comparison of the three types of sols referred to in 
Figs. 8 and 9 which were subjected to instantaneous 
sensitization by sodium sulfide prior to addition of 
protective colloid. Increases in the ratio of physical 
to chemical development, however, apparently are 
associated with a progressive lowering of the gamma 
of the sensitized relative to the nonsensitized 
characteristic curve. In the case of the all-copoly- 
acrylate system, this phenomenon results in actual 
desensitization by the sodium sulfide at the longer 
exposure times of the characteristic curve. 

In sols where the sensitizer, silver sulfide, had 
been formed from sodium thiosulfate after heating 
in the presence of the protective colloid, maximum 
obtainable speed increases (without excessive fog) 
were greater if the system did not involve a sub- 
stantial amount of superimposed physica! develop- 
ment. The morphology of the developed silver 
from such sensitized sols, just like that of the 
silver referred to earlier which had been obtained 
from nonsensitized sols, is again indicative of 
the amount of superimposed physical development 
(Figs. 10A, 10B, and 10D). Here, however, it is 
possible to render a very high proportion of the sol 
crystals sufficiently light-sensitive to be developable, 
and experiments in which the ratio of chemical 
to physical development is a function not only of 
the protective colloid used but also of the exposure 
are then feasible. The formation of the developed 
silver shown in Fig. 10C, which was obtained in the 
course of such a study, is discussed later. 

The effect of superimposed physical development 
on characteristic curves for which the exposure scale 
is an intensity scale is shown in Figs. 11 and 12. 
The sols used were stabilized by various com- 
binations of gelatin and either copolyacrylate or 
polyacrylamide. Again, the densities of developed 
silver are much higher if development is carried 
out in the absence of gelatin after exposure in the 
presence of either copolyacrylate or polyacrylamide. 
Relative efficiencies of latent-image formation can 
again be appraised by comparing results obtained 
after exposure in the presence of the synthetic 
colloid, with or without added gelatin, followed by 
development in the presence of both the synthetic 
colloid and the gelatin. With this type of charac- 
teristic curve, increases in the amount of super- 
imposed physical development are accompanied by a 
pronounced increase in gamma. This is in contrast 
to the type of curve discussed earlier in which the 
exposure scale is a time scale. 


The same type of experimental evidence, which 
had been previously obtained for the occurrence of 
superimposed physical development in sols stabilized 
by copolyacrylate, can be provided also for sols 
stabilized by polyacrylamide. A comparison of 
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Figs. 13A and 13B shows the greater thickness of the 
silver filaments obtained from sols developed in the 
presence of polyacrylamide as compared to silver 
filaments from gelatin-stabilized sols. Although the 
rate of solution of polyacrylamide-stabilized sols is 
19 times as fast as that observed in the presence of 
gelatin (Fig. 14), it is only 0.28 times as great as 
that obtained in the presence of copolyacrylate. 
This relationship is in accord with the fact, evident 
from Figs. 11 and 12, that the characteristic curves 
of copolyacrylate-stabilized sols reveal the effect of 
considerable superimposed physical development 
after 2 min of development, whereas the same 
holds true for polyacrylamide-stabilized sols after 
10 min. Sols containing both gelatin and poly- 
acrylamide show only a moderate increase (Fig. 
14) in the rate of solution relative to that occurring 
in an all-gelatin sol. This fact explains why the 
characteristic curve of a sol containing both these 
protective colloids during exposure as well as 
during development differs very little (Fig. 12) 
from the characteristic curve of an all-gelatin sol. 

The rates of development of gelatin-stabilized, 
fully exposed, Type II sols are of the same order of 
magnitude as the rates of development of the liquid 
silver halide emulsions which were studied by 
Fortmiller and James’ in the same range of Metol 
and sodium sulfite concentrations. The size of the 
latent image formed on full exposure of these 
emulsions would appear, therefore, to be similar 
to that formed in Type II sols. In view of their 
considerably slower development rates, latent- 
image formation in Type I sols appears to result in 
latent images of smaller size. A comparison (Fig. 
15) of the rates of development of fully exposed 
Type II sols stabilized by three different protective 
colloids shows that, in the copolyacrylate-stabilized 
sol, in addition to the early onset of superimposed 
physical development indicated by the concave 
part of the development curve, the chemical com- 
ponent of the development process must, at least 
initially, occur considerably more rapidly than for 
the gelatin-stabilized sol. A more prolonged study 
of the chemical component of the development 
process can be carried out with the polyacrylamide- 
stabilized sol. The lower rate of solution in de- 
veloper of this sol as compared to that of a copoly- 
acrylate-stabilized sol causes the onset of noticeable 
superimposed physical development to occur later 
with the polyacrylamide-stabilized sol than with the 
sol containing copolyacrylate. The fact that the 
chemical component of the development process of 
the former sol is then essentially complete rendered 


7, L.J. Fortmiller and T. H. James, Phot. Sci. Tech., 19B: 109 (1953). 
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it possible to compare the rates of predominantly 
chemical development in the presence of gelatin and 
polyacrylamide, respectively. The similarity, re- 
vealed in Fig. 16, between the effects of these two 
protective colloids on the induction period and on 
the rate of development is striking. 

Although the rate of solution in developer of 
silver halide sol crystals stabilized by copolyacrylate 
is a rapid one, a substantial amount of very fast 
chemical development occurs prior to the noticeable 
onset of superimposed physical development, as is 
evident from Fig. 15. The question, therefore, 
arose as to whether it would be possible to develop 
all the silver halide of a copolyacrylate-stabilized 
sol in predominantly chemical fashion prior to the 
onset of any substantial amount of superimposed 
physical development. To achieve this objective 
it was necessary to have the sol free from any sub- 
stantial number of ‘“‘dead”’ sol crystals which would 
fail to develop even after full exposure and which 
would merely supply soluble silver ions after solution. 
A Type I sol, sensitized by sodium thiosulfate, was 
found to provide a material of sufficiently uniform 
high sensitivity and developability. Gray, not 
brown, silver filaments which, as is evident from 
Fig. 10C, had not undergone any substantial 
thickening, were obtained from such a sensitized sol 
containing only copolyacrylate after full exposure. 
Almost all the silver, therefore, had undergone 
predominantly chemical development prior to any 
substantial solution which would have resulted in 
noticeable superimposed physical development. 

The rate of solution of silver halide, and hence the 
rate at which silver ions become available for 
subsequent physical development, depends clearly 
on the amount of silver halide solvent present in the 
developer and on the protective colloid or mixture of 
colloids adsorbed on the silver halide crystals. 
How much of the silver halide will actually undergo 
this process depends on the rate at which it is 
converted to silver by chemical development which, 
in turn, is a function of silver halide crystal sen- 
sitivity, of the exposure received, and of the restraint 
exerted by the protective colloid on the chemical 
development process. 
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Filtering and Monitoring Systems 


for Color Printing 


R. B. CALKIN AND R. W. G. Hunt, Research Laboratories, Kodak, Ltd., Harrow, England, 
AND E. K. Letzer, Apparatus and Optical Division, Eastman Kodak Company, Rochester, N. Y. 


By adjusting the positions of cyan, magenta, and yellow filters over the entrance to a light- 
integrating device, a convenient form of filtration can be provided for color printing and en- 
larging; the color and intensity of the light can be monitored by means of photocells filtered 


with red, green, and blue filters. 


Light is wasted if more than two of the three colors, cyan, 


magenta, and yellow, are used together in the filtration, and it is therefore desirable to devise 
systems which provide continuous adjustment of the color of the light, in any direction from the 
unfiltered color, by means of combinations of only two of the three colors at any one time. 
Several arrangements are described for both sequential and simultaneous adjustment of the 
two color-balance controls, together with the electronic monitoring system required for each. 


There seems little doubt that the initial step in 
color vision is the absorption of light by three 
photosensitive pigments in the retina, and indeed 
the spectral absorption curves of such pigments have 
recently been determined by Rushton' and Weale.?* 
Color is thus a function of three, and only three, 
independent variables, and if a color print or enlarge- 
ment is made by printing with separate beams of 
red, green, and blue light, their intensities can be 
controlled as the three independent variables, so as 
to produce the required concentrations of cyan, 
magenta, and yellow dyes in the final result. This 
additive method of printing has the advantage 
that the three variables are clearly defined and 
separated, but a disadvantage is that light is wasted 
in absorption by the red, green, and blue filters. 
Moreover, the combination of the three beams of 
light wastes time if carried out sequentially, or 
requires complex optical apparatus if carried out 
simultaneously. 

For these reasons it is often preferable to print 
with a single beam of light, the color of which has 
been adjusted with cyan, magenta, and yellow 
filtration. However, with this subtractive method 
of printing, it is wasteful to use filters of all three 
colors in the beam, since this is equivalent to the 
presence of neutral density, and it is customary to 
work with filters of only two of the three colors at 
any one time; the exposure time or the lens aperture 
is then controlled as the third variable. In this 
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way the three variables are divided into two for 
color and one for over-all density; this is found 
to be advantageous from a subjective point of view, 
in that when assessing prints it is found easier to 
consider density and color balance separately, 
rather than to work in terms of the absolute level of 
the three dyes in the final result. For a long time 
it has been suggested that the physiological reason 
for this subjective preference for separating color 
balance and density is that in passing from the 
photosensitive pigments in the retina to the color 
centers in the brain the nerve impulses are them- 
selves sorted into a luminance signal and two color- 
difference signals*~> in much the same way as is 
done with certain color-television transmissions,’ 
and there is also some direct physiological evidence 
in this direction.’ 


Sliding Filters 


Simple enlargers can be used with pale cyan, magenta, 
and yellow filters of different strengths for making color 
prints, but it is helpful to be able to alter the color bal- 
ance of the light continuously, rather than in discrete 
steps. This can be done by arranging for saturated 
cyan, magenta, and yellow filters to be moved across the 
entrance of a light-integrating device, such as a box of 
mirrors,’ as shown in Fig.1. In this way the light can be 
altered from white, when no filter is in the beam, through 
weak color, when a filter is partially in the beam, to 
strong, saturated color, when a filter is fully in the beam. 
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4. L. Hurvich and D. Jameson, Mechanisms of Colour Discrimination, 

Pergamon Press, London, 1960, p. 199. 

R. W. G. Hunt, Symposium on Visual Problems of Colour, Teddington, 

Her Majesty’s Stationery Office, London, 1957, p. 639. 

A. V. Loughren, J. SM PTE, 60: 321, 596 (1953). 

W. A. H. Rushton, Mechanisms of Colour Discrimination, Pergamo® 

Press, London, 1960, p. 83; R. Granit, Nature, 151: 11 (1943). 
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The box of mirrors mixes the light so that the emerging 
light is homogeneous in both color and intensity. The 
positions of the sliding filters can be adjusted with ex- 
ternal controls so that no actual handling of the filters 
is required. 


Corrector Filters 


Most readily available subtractive filters absorb light 
not only in the required region of the spectrum but also 
in the regions where they should transmit freely. Ma- 
genta filters, for instance, absorb not only green light as 
required, but also some red and blue light, particularly 
the latter. Hence, the introduction of a magenta filter 
into a beam of white light affects not only its green con- 
tent as required but also reduces the blue and the red 
contents. With sliding filters, this effect can be counter- 
acted by mounting beside the magenta filter an orange 
or yellow corrector filter (Fig. 2) which has the same 
densities as the magenta filter in the red and blue regions 
of the spectrum but transmits green light much more 
freely. Regardless of the position of the magenta filter 
over the aperture of the mirror box, the absorption of 
red and blue light remains constant. Operation of the 
pair of filters then only varies the green content of the 
transmitted light as required. The unwanted absorb- 
ancies of cyan and yellow filters can be counteracted 
similarly by suitable choice of corrector filters in the 
same manner. 


8. R. W. G. Hunt, J. Phot. Sci., 8: 186 (1960). 


L 


V 


fig. 1. Color enlarger using sliding cyan, magenta, and yellow filters 
(G) heat-absorbing glass; (F) sliding cyan, magenta, and yellow 
filters; (M) box of mirrors; (D) diffusers; (N) negative; (P) photocells 
covered with red, green, and blue filters; and (L) lens. Movement 
of the sliding filters across the top of the mirror box provides varying 
degrees of filtration, the filtered and unfiltered light being mixed in 
the mirror box. The photocells enable the color of the light to be 


monitored in such a way as to achieve the required photographic 
result, 


A gain in efficiency can sometimes be achieved, how- 
ever, if the corrector filter has only the same red-blue 
density difference as the magenta filter, and, in this case, 
although the absolute red and blue intensities will vary 
as the pair of filters is operated, the red-to-blue ratio of 
light will be unaltered, and this is all that is required if 
the over-all intensity or exposure time is being separately 
controlled. As an example, consider that the magenta 
filter transmits 75% of the red light, 10% of the green 
light, and 50% of the blue light; the red-to-blue trans- 
mittance ratio is 75:50 or 3:2. Then, if a corrector 
filter has 90% red transmittance, 90% green transmit- 
tance, and 60° blue transmittance, the red-to-blue 
transmittance ratio of this yellow corrector filter will also 
be 3:2. Thus, more red light than blue light is trans- 
mitted when either the magenta filter or the corrector 
filter is in the beam. This same relationship between 
the red and blue intensities will be true at all intermediate 
points between full magenta filtration and full corrector 
filtration. 


Monitoring the Color of the Light 


It is important in subtractive printing, however, to 
have not only the means of varying the color of the light, 
but also to have an accurate means of measuring the re- 
sultant color. While this calibration can be in terms of 
the degree and kind of filters being used, it is more satis- 
factory if the actual color of the filtered light is measured, 
since this allows for changes in the color of the printing 
lamp and for possible fading of the filter material. A 
convenient way to provide such monitoring is to allow 
some of the filtered light to fall on photocells covered 
with red, green, and blue filters and to measure or com- 
pare the resulting photocurrents. 

If, in such a system, the spectral sensitivities of the 
filtered photocells match those of the printing material, 
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MAGENTA ORANGE 


| MOVEMENT OF 
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MIRROR BOX 
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Fig. 2. Method of correcting for the effects of the unwanted blue 
absorption of magenta filters. The sliding magenta filter has an 
orange or yellow filter mounted with it, the blue-red density difference 
of the two filters being the same. Movement of the pair of filters 
over the top of the mirror box thus enables the amount of green light 
to be varied without altering the ratio of blue-to-red light. 
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control problems are simplified, and the photocells may 
be used also for evaluating the negative, using the inte- 
grated light from the whole of the negative or from only 
a part of it, according to preference. 

If the color balance is to be monitored by the photo- 
cells in such a system, the ratios of the red, green, and 
blue intensities must be monitored independently of the 
absolute values of the photocurrents, since color balance 
is not a function of over-all intensity. The easiest way 
to do this is to arrange that the measured currents from 
the red-filtered cells, from the green-filtered cells, and 
from the blue-filtered cells are all equal when the de- 
sired color balance is produced on a print; variations in 
the intensity of the light will not then affect the balance 
between the measured signals. Thus, the system will be 
insensitive to variations in the over-all intensity of the 
light. This can be achieved by attenuating the two 
larger signals with suitable potentiometer networks until 
they are equal to the third, smallest signal. In this case, 
equality of the two attenuated signals to the unat- 
tenuated signal will be the criterion of proper color bal- 
ance with any negative, and the sliding filters should be 
adjusted to establish this equality with each negative 
printed. Potentiometer adjustment need only be made 
when changing to a paper emulsion of different color 
balance. Of course, this system should also be provided 
with adjustable trimming potentiometers for each of the 
three colors for minor adjustment of the color balance 
which may be required for producing good prints from 
those negatives which require individual correction. 

If the currents are compared for equality by connect- 
ing pairs of photocells (with their associated potenti- 
ometers) in opposition to one another, the criterion for 
correct color balance will be zero current flowing, so that 
all that is required is a null detector.’ 


Monitoring the Intensity of the Light 


It is also possible to use the null detector to determine 
the proper exposure level. Ifa photocell which has been 
filtered to provide suitable spectral sensitivity is placed 
on the printing plane, the signal from this cell can be 
compared with a reference signal which is adjusted until 
no current flows. The magnitude of the reference signal 
then will indicate the required exposure time. If all ex- 
posures are to be made at fixed time, the reference 
signal can be fixed and the lens aperture can be adjusted 
until a null is indicated. Because this cell is used at 
the printing plane, differences in exposure resulting from 
changes in magnification or negative size are compen- 
sated, as well as the over-all density level of the negative. 
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Sequential Balancing 
With Simple Sliding Filters 


Suppose that the filtration required in a certain 
instance involves the use of yellow and magenta 
filters but not cyan (Table I, Part A). The yellow 
filter then may be adjusted until the blue and red 
signals are equal, whereafter the magenta filter is 
adjusted until the green signal is equal to the red or 
blue signal. The presence of a corrector filter of the 
type already described prevents any alteration of 
the blue-red equality when the magenta filter is 
moved, and hence the second filter adjustment can 
be made without affecting the first. 

In another instance, it may be necessary to use the 
cyan and magenta filters but not the yellow (Table 
I, Part B). The procedure is the same except that 
the blue-red equality is obtained by moving the 
cyan filter instead of the yellow. But if it is re. 
quired to use only the yellow and cyan filters and 
not the magenta, it is no longer possible to use the 
monitoring arrangements in the same order, no 
matter which filter is used first: If the yellow filter 
is used first (Table I, Part C), it must be to obtain 
blue-green equality, and subsequently red-green 
or red-blue equality is obtained by using the cyan 
filter (which would have to be used mounted with a 
corrector filter having the same green-to-blue density 
difference as the cyan filter); or alternatively, if 
the cyan filter is used first (Table I, Part D), it 
would have to be to obtain red-green equality, 
whereafter the yellow filter (with a corrector filter 
having the same green-to-red density difference as 
the yellow filter) would be used to obtain blue-red 
or blue-green equality. 

It can be seen from the foregoing that the order in 
which the filters must be used, and which filter 
needs a corrector filter, and the correct pair of 
signals to be compared, all depend upon which two 
filters are to be used. 

If all three filters are expected to be required in 
routine printing, color shifts in all color directions 
from the unfiltered color being expected, the simplest 
way of operating the system is to fix the least 
frequently used filter part way into the beam #9 
that all likely filtrations can be achieved by operating 


TABLE |. Filter and Monitoring Arrangements When Separate Cyan, Magenta, and Yellow Filtration Is Used 


Filtration required Order Monitoring Corrector filter 
A Yellow + Magenta Yellow BvR None 
Magenta GvR or B Same B-R density difference as 
magenta 
B Cyan + Magenta Cyan RvB None 
Magenta GvR or B Same B-R density difference as 
magenta 
Cc Yellow + Cyan Yellow BvG None 
Cyan RvG or B Same G-B density difference as 
cyan 
D Yellow + Cyan Cyan RvG None 
Yellow BvR or G Same G-R density difference as 
yellow 
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C_YELLOW | AIR GaP [ GYAN | 
[MAGENTA | CORRECTOR | YELLOW | 


MIRROR 


BOX 


fig. 3. Composite filter assemblies for achieving color-balance 
variations with only two controls. 


only the other two filters. Some light is wasted by 
fixing the third filter partly in the beam, however. 


With Composite Subtractive Filtration 


An increase in efficiency and a simpler method of 
operation can be achieved if pairs of cyan, magenta, 
and yellow filters are mounted together with a 
common corrector filter or an air gap between each 
pair (Fig. 3, where one arrangement of the several 
possible alternatives is shown). The total length of 
the channel in which each filter assembly slides must 
now be five times that of the mirror-box aperture 
instead of three times as before. 

In the arrangement shown, no corrector filter is 
required between the cyan and yellow filters in the 
first assembly. The corrector filter mounted in the 
second assembly between the magenta and yellow 
filters should have (1) the same blue-red density 
difference as the magenta filter, so that the blue- 
to-red-light ratio is unchanged when the magenta 
filter is used and (2) the same green-red density 
difference as the yellow filter, so that the green-to- 
red-light ratio is unchanged when the second yellow 
filter is used. This common corrector filter will be 
pale orange. 

The cyan-air-yellow filter assembly is first adjusted 
until the red and blue signals are equal, offering a 
smooth transition from full red attenuation (cyan 
filtration), through no attenuation (neither filter), 
to full blue attenuation (yellow filtration). If 
green attenuation is required, the magenta filter can 
be adjusted in monitoring the green-to-blue ratio, 
and this adjustment of the second assembly will 
not change the balance of the red-to-blue signals, 
which was set by adjusting the first assembly. 
However, if more green light is required than can be 
had with the magenta filter fully removed from the 
beam, the yellow filter will be inserted when the 
magenta filter has been fully removed, upsetting the 
ted-to-blue balance set in the first adjustment. 
In this case, the first adjustment should have been 
made while monitoring the green-to-red balance 
Fig. 4A), rather than while monitoring the blue- 
to-red balance. 
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Fig. 4. Subtractive filter assemblies and associated monitoring 
arrangements for (A) sequential balancing with only one null detector 
and (B) simultaneous balancing with two null detectors. 


Therefore, it is advisable to provide a switch 
which operates whenever the filtration given by the 
second assembly changes from magenta to yellow. 
This switch will change the monitoring of the first 
filter assembly from red against blue, to red against 
green, each time the second yellow filter is brought 
into use, and vice versa. Each time this switch is 
thrown, it is necessary to repeat the first adjust- 
ment using the new monitoring ratio which has been 
provided by the switch, and then to repeat the second 
adjustment. 


Simultaneous Balancing 


With Composite Subtractive Filtration 


Thus far it has been assumed that adjustment of 
the two filter assemblies is always successive, and 
that only one null detector is used. If, however, 
two such detectors can be provided and the blue 
photocell common to both adjustments can be 
duplicated, the two filter assemblies can be adjusted 
simultaneously. In this case the switch referred to 
previously is not essential since the use of yellow 
filtration in the second assembly will be detected and 
allowed for when adjusting the first assembly; 
but the two assemblies will not affect the two null 
detectors independently, and annoying interactions 
will sometimes take place during the balancing 
operations. These can be overcome by fitting 
switches to both filter assemblies (Fig. 4B). The 
switch on the first filter assembly operates when- 
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ever the filtration changes from cyan to yellow, and 
alters the monitoring of the second assembly from 
green against blue to green against red. The other 
switch has the same function as before. It is now 
necessary to duplicate the red and the green as 
well as the blue photocell. It is also desirable to 
have a warning or safety device so that the apparatus 
is not used with the switches set so that red against 
green is being monitored in both channels, a situation 
which occurs if both the yellow filters are used 
together. 

Corrector filters are not essential when two null 
detectors are used, since any effect of one balancing 
operation on the other wil! be apparent on the null 
detectors and will therefore be considered. Even 
though this results in the highest possible optical 
efficiency, the interactions which occur make the 
balancing of both assemblies annoying to the 
operator. These interactions can be eliminated if 
corrector filters are used between the subtractive 
filter pairs in both assemblies (Fig. 4B). 

The corrector filter used in the first filter assembly 
should have (1) the same green-to-blue density 
difference as the cyan filter, so that the green-to- 
blue-light ratio is unchanged while the cyan filter is 
moved and (2) the same green-to-red density dif- 
ference as the adjacent yellow filter, so that the 
green-to-red-light ratio is unchanged while this 
yellow filter is moved. The corrector filter on the 
second assembly will be the same as just described. 

It may be preferable sometimes to use somewhat 
less dense correctors in order to get more light, at 
the expense of introducing some slight interactions 
between the two controls. 

With correctors of full density, this system will 
provide independent action between the two con- 
trols, but a discontinuity occurs when it is necessary 
to change from red filtration (yellow plus magenta) 
to green filtration (cyan plus yellow). When red 
filtration is required, the first yellow filter must be 
used, but when green filtration is required, the 
second yellow filter must be used. Thus, if the 
desired balance changes from yellow plus a little 
magenta to yellow plus a little cyan, or vice versa, 
this small change in balance may require large 
changes in the positions of both filter assemblies. 


With One Additive Filter 


With one additive filter, discontinuities of 
adjustment can be avoided if the second filter 
assembly consists of a magenta-corrector-green 
arrangement (Fig. 5). It has to be possible, in 
this case, for the green filter to vary the amount of 
green light relative to the amounts of red and blue 
light without altering the ratio of the red-to-blue 
light. This can be achieved if the red-blue density 
difference of the green filter is the same as that of 
both the magenta and the corrector filters; this 
can be arranged by a suitable choice of a slightly 
yellowish-green dye or by adding some yellow dye to 
a pure green or bluish-green dye. Alternatively, 


the green filter can be made of such density that 
virtually all the red and blue light is absorbed. 
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It is also necessary for the two filter assemblies to 
operate along directions effectively at right angles to 
each other or at positions in the optical system such 
that they are completely out of focus relative to 
each other because even if the green filter has the 
required density difference, the ratio of red-to- 
blue light will be upset by the introduction of this 
filter if the amount of red and blue light is not 
uniform along its path. Thus, if the yellow filter 
absorbs all the blue light and none of the red light and 
is halfway into the beam, the red signal will be twice 
as large as the blue signal, it being assumed that the 
red and blue signals were equal with no filters in the 
beam. If the green filter absorbs all the red light 
and all the blue light and is halfway into the beam 
so that the half of the beam not covered with the 
yellow filter is covered with the green filter, the 
ratio between the red and blue signals will be 
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Fig. 5. Mixed additive and subtractive filter assemblies and as 
sociated monitoring arrangements for (A) sequential balancing with 
only one null detector and (B) simultaneous balancing with two null 
detectors. 


infinite since all the blue light has been absorbed 
either by the yellow or by the green filter, while the 
red light is freely transmitted in the half of the 
beam covered with the yellow filter. If the filter ab 
sorbs less than all the light, the trouble will still occur, 
and the data given in Table II are those which repre 
sent the effective transmittances of the system when 
the filters absorb 90% of the light (equivalent t 
100 CC filters). 

This type of interaction is avoided if the direc- 
tion of movement of the two assemblies is such that 
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when one assembly is moved, the percentage change 
in each part of the mirror box covered by the other 
assembly is the same. A method of achieving this 
is shown in Fig. 6. 

If this system is to be balanced sequentially with 
only one null detector, the first correcting filter can 
be omitted (Fig. 5A). After the first assembly has 
been adjusted to equalize the red and blue signals, 
the second assembly can be adjusted while mon- 
itoring the ratio of the green light either to the red 
or to the blue light; the second slide does not 
affect the red-to-blue balance and either of these 
colors can be chosen to compare with the green 
signal while the second slide is adjusted. 

If two null detectors are used with simultaneous 
balancing, a corrector filter should be used between 
the cyan and yellow filters, as described previously. 
Since movement of the yellow filter in the beam will 
change the green-to-blue balance, the green-cor- 
rector-magenta assembly should be adjusted using 
the green-to-red ratio when the yellow filter in the 
first assembly is used (Fig. 5B). Conversely, 
when the cyan filter in the first assembly is used, 
the green-corrector-magenta assembly should be 
adjusted by using the green-to-blue ratio on the 
second null detector. The monitoring ratio change- 
over can be accomplished by a switch mounted on 
the first assembly, as previously described, with 
duplicate red and blue, but not green, photocells 
being provided. 


Without Switches 


Without switches, it is possible to change this 
system slightly to permit the elimination of the 
switch. This can be done by designing the filters in 
the first assembly so that the green to the red-plus- 
blue intensity ratio is unchanged, regardless of the 
assembly position. ‘Then the second assembly can 
be adjusted while monitoring the green against the 
sum of the red and blue signals. 

As an example of the design of filters for the first 
assembly, consider using a hypothetical set where 
the cyan filter absorbs all the red light, half of the 
green light, and none of the blue light and where the 
yellow filter absorbs all of the blue light, half of 
the green light, and none of the red light. Assuming 
that the red and blue signals are equal with neither 
filter in the beam, moving the cyan filter fully into 
the beam will reduce the red light component to 
zero, will reduce the green component by 50%, 
and will not affect the blue component. Thus, the 
sum of the red and blue components is half its 
former value, and the green component is also 
half of its former value. This maintains the 
desired ratio, which also will be maintained at all 
intermediate positions, because the argument just 
given will apply to whatever area is covered, and 

area uncovered will not have changed its ratio; 
hence, the integrated signals from the covered and 
uncovered parts will also have the same ratio. 
The same results will be obtained if the yellow, 
tather than the cyan, example is used. 

In this hypothetical case, the cyan filter does not 


TABLE Il. Effect of a Green Filter on the Red-Blue Ratio 
in the Presence of a Yellow Filter’ 
Filter R- G- B- R-B 
positions signal signal signal ratio 
_ 100 100 100 100/100 = 1.0 
G_ 50 + 5 100 50 + 5 55/55 =1.0 
G 10 100 10 10/10 =1.0 
50 + 50 100 5+ 50 100/55 =1.8 
50 + 5 100 56+ 5 55/10 = 5.5 
si | %+5 10/5% =1.8 


* The first three lines show how the red-blue ratio is not affected by 
movement of the green filter in the absence of other filters. The last 
three lines show how the red-blue ratio varies between 1.8 and 5.5 when 
a yellow filter is inserted halfway across the aperture. 


affect the blue signal, and the yellow filter does not 
affect the red signal; when actual filters are used, 
this is achieved by appropriate choice of the corrector 
filter (Fig. 7A). It is also required that the in- 
dividual components of the red-plus-blue signal be 
equal prior to the introduction of the cyan or 
yellow filter; in order to achieve this it is necessary 
for attenuating potentiometers to be included in 
the circuits connecting these cells and for the 
required equality to be obtained by adjusting them 
with the cyan-corrector-yellow assembly positioned 
at its midpoint of travel, with a negative of typical 
color balance in the beam. (For negatives of 
different color balance, the green to red-plus-blue 
ratio will not remain exactly constant as the position 
of the yellow-corrector-cyan assembly is moved, 
but the discrepancies are not large enough to 
be important in practice. ) 

More than 50% green transmittance in the cyan 
and yellow filters is required if these filters do not 
absorb all the light of their complementary color. 
The exact green densities required have the fol- 
lowing relationship to the principal densities of the 
filters: 


c E 
“CTOR| LLow 
To 
MIRROR BOX 
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Fig. 7. Filter assemblies and associated monitoring arrangements 


for simultaneous balancing without the use of switches: (A) using green 
as the additive color and (B) using blue as the additive color. 


2x = + 1, 


where p is the principal density of the filter above 
that of the correcting filter, and g is the required 
green density above the correcting filter. For 
instance, if the principal density of the filter is 1.0, 
the green density should be 0.26 above that of the 
green density of the correcting filter. When filters 
have been designed with this criterion, the cyan 
filter will appear blue, and the yellow filter will 
appear orange. 

The correcting filter for the cyan-corrector-yellow 
assembly should have the same blue absorption as 
the cyan filter and the same red absorption as the 
yellow filter; the correcting filter for the other 
assembly should be the same as already described for 
the magenta-corrector-green type of assembly. 


Choice of Arrangement 


In all the systems described, cyan, magenta, and 
yellow are essentially interchangeable if the as- 
sociated changes in the red, green, and blue signals 
are made, and each arrangement has, therefore, 
three possible realizations, only one of which, for 
the sake of simplicity, has been described. In the 


case of the last-mentioned arrangement, however, 
it is worth pointing out that, by using the dis- 
positions shown in Fig. 7B, the natural unwanted 
blue absorbancies which occur in most cyan and 


CALKIN, HUNT, AND LETZER 


PS & E, Vol. 5, 1961 


magenta dyes are actually wanted in order to keep 
the blue to red-plus-green signal ratio constant, and 
this helps to attain efficient use of the available 
light since it minimizes the densities of the required 
corrector filters. 


The arrangements of Figs. 7A and 7B (like that of 
Fig. 5B) both possess the advantage of requiring 
only five photocells instead of the six required by 
the arrangement of Fig. 4B; but in Fig. 7B the 
blue photocells only occur once. This is important 
in that there is usually a scarcity of blue photocurrent 
in this type of apparatus, partly because of the 
prevalence of negatives having integral yellow 
masks, and the blue cells may have to be larger, or 
be used in greater numbers, than is the case for the 
red and green cells. Hence, for a given amount of 
space for photocells, or for a given number of photo- 
cells, larger photocurrents can usually be achieved 
with the arrangement of Fig. 7B than with that of 
Fig. 7A. 


Conclusions 


The various filtering and monitoring systems 
described show a gradual progression in complexity 
of construction, which is accompanied by a gradual 
increase in ease of operation. The main features of 
each system may be summarized as follows: 


(1) Sequential Balancing with Simple Sliding Filters 
(Fig. 2). The length of the slides is kept to a minimum, 
only one corrector filter is required, and only one null 
detector is needed; but one filter must usually be fixed 
partly in the beam, which wastes light and makes setting 
up difficult. 

(2) Sequential Balancing with Composite Subtractive 
Filtration (Fig. 4A). No fixed filter is required, but 
the slides for the filters must be increased in length by a 
factor of five to three, a switch must be provided on 
one of the slides (rebalancing is necessary after the switch 
is operated), and the corrector filter must compensate 
two filters instead of one. 

(3) Sequential Balancing Including One Additive 
Filter (Fig. 5A). This is similar to (2) except that no 
switches are required on the slides and therefore no re- 
balancing is necessary; but the two filter assemblies 
must act independently by moving effectively at right 
angles to one another or by being out of focus with each 
other. 

(4) Simultaneous Balancing with Composite Subtrac- 
tive Filtration (Fig. 4B). This is similar to (2) except 
that the two filter assemblies can be adjusted at the 
same time instead of one after the other; but two null 
detectors must be used, two corrector filters are required 
for interaction-free operation, switches must be provided 
on both slides, discontinuities of adjustment occur, and 
two independent sets of red, green, and blue monitoring 
cells must be available. 

(5) Simultaneous Balancing Including One Additive 
Filter (Fig. 5B). This is similar to (4) except that 
switch must be provided on only one slide, no discon 
tinuities of adjustment occur, and only two of the three 
types of monitoring cells must be duplicated; but the two 
slides must act independently as in (3). 

(6) Simultaneous Balancing without the Use of Switches 
(Fig. 7). This is similar to (5) except that no switches 
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are needed on the slides; but denser corrector filters 
and a more complex initial setup are required. 


The most convenient system to adopt for any 
particular application depends on various factors. 
If space is severely limited, system (1) may be the 
best. If the longer slides of systems (2) and (4) 
can be accommodated, they will be superior. The 
discontinuities of adjustment of these systems can 
be overcome if there is room to incorporate independ- 
ence of action of the two filter assemblies, at which 
time systems (3), (5), and (6) may be used. If 
the cost of the equipment must be kept to a min- 
imum, a sequential balancing system with only 
one nul] detector should be used; but if speed of 
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operation is the main consideration, one of the 
simultaneous systems would be preferred. If com- 
plete independence of the two controls is required ina 
simultaneous system, then system (5) should be 
used, but the slight* departures from independence 
in system (6) are generally so small that it is pre- 
ferred because of its freedom from switches. 
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Abridged Scientific Publications from the Kodak Research 
Laboratories 


Volume 36 (1954), Research Laboratories, Eastman 
Kodak Co., Rochester, N. Y., 1961, 154 + x pp., paper 
cover 


This volume contains abridgments of 74 papers pub- 
lished during 1954 by the staffs of the laboratories of the 
Eastman Kodak Co., Kodak Ltd., and Kodak Pathé. 
It continues the printing format and editorial policies 
introduced in the thirty-fifth volume (see PS. & E, 5: 
59). 


Scientific Publications of the Fuji Photo Film Co., Ltd. 


No. 5 (1956-1957), Research Laboratory, Fuji Photo 
Film Co., Ltd., Minamiashigara-machi, Ashigarakami- 
gun, Kanagawa-ken, Japan, June, 1961, 125 + wv pp., 
paper cover. Distributed by Maruzen Co., Ltd., 
Nihonbashi-dori, Tokyo, $2.00 


This volume contains 11 original papers and 5 reviews 
published by members of the Fuji Photo Film Co. during 
1956 and 1957. The papers are reprinted in their original 
form, three original papers and one review being in 
English and the remainder in Japanese. The Japanese 
papers contain English summaries, and the tables and 
captions to figures are in English. Subjects dealt with 
include photographic sensitivity, emulsion addenda, 
reciprocity sensitometers, color temperature in color 
photography (reviews), the problem of static electricity 
in the film industry (review), an automatic memory 
system, and properties of high polymer solutions. 


Journal of the Society of Scientific Photography 
of Japan 

Vol. 23, No. 4, December 1960 (in Japanese) 
Résumés by S. Kikuchi and T. H. James 


Researches or: Photographic Emulsion Technique in the 
U.S.S.R. 


Tetsuo YANO (Mitsubishi Paper Mills Co., Nagaoka- 
machi, Kyoto), pp. 153-160 


A review, with 181 literature citations. 


Photographic Properties of Silver Salts of Organic Acids. 
|. Photographic Sensitivities of Silver Salts of Fatty 
Acids. 


Masami Kawasaki (Govt. Chem. Ind. Research Inst. 
Tokyo, Hiratsuka-shi, Kanagawa-Ken), pp. 161-168 


The author is investigating the properties of silver 
salts other than the halides as possible detectors for X- 
and y-radiation. In the present paper, he describes the 
preparation by the neutral process of emulsions from 
three solutions: I, gelatin 3 grams in 50 cc water; II, 
silver nitrate 1.5 or 3.0 grams in 25 cc water; III, sodium 
salt of the organic acid 1.5 grams in 25 cc water. Solu- 
tion II was added to the combined solutions I and III 


374 


in 5 min at 50°C, and the emulsion was coated without 
ripening on glass, 7.5 cc on a 119 X 164mm surface, 
The set coating was washed in pure water to remove 
soluble salts, then bathed in alcohol, and dried rapidly. 
The plates were exposed to light, then developed at 16°C 
for 1.5 min in a solution of 1 gram Metol and 2 gram 
chlorohydroquinone per liter with the pH adjusted with 
acetic acid to values suited to the particular silver salts, 
or, in the case of silver oxalate, in a more concentrated 
solution that may also contain hydroquinone. Charac- 
teristic curves are given for emulsions of the following 
silver salts (the long wave limit of spectral sensitivity is 
given in parentheses): acetate (3247 A), propionate 
(3828 A), n-capreate (3898 A), pelargonate (3589 A), 
caprate (4072 A), laurate (3814 A), oxalate (4072 A), 
malonate (3828 A), succinate (3856 A), adipate (3814 A), 
tartrate (3806 A), and citrate (3753 A). Solubility 
data and redox potentials also are given. The charac- 
teristic curves varied with the type of gelatin used and 
with the pH of the developer. The developed images were 
dark purple to green. The sensitivities of the organic 
silver salts were of the order of one-hundredth that of 
silver chloride; the oxalate was the least sensitive. 


Studies on Development of Liquid Photographic Emulsion. 


Kriyosui Futaki (Mitsubishi Paper Mills Co., Nagaoka- 

machi, Kyoto), pp. 169-173 

The development of a liquid photographic emulsion 
was investigated to establish a basis for the use of this 
technique to test the effect of addition agents. A liquid 
silver chloride emulsion was prepared as described by 
Futaki, Ohyama, and Iwasaki, PS & E, 4: 97 (1960), 
and the general experimental procedure described in 
that paper was followed. The most important precau- 
tion in the use of the liquid emulsion technique is to 
maintain a stable dispersion of developed silver. A 
high concentration of gelatin serves to maintain the sta- 
bility, but if too high the liquid is liable to gel. 

The effects of exposure time, development time, con- 
centration of developer, and temperature of development 
on the color and density of the developed silver are illus- 
trated by graphs. The color of the developed silver 
shifts slightly towards warmer tones with increasing ex- 
posure and also with increasing temperature of develop- 
ment. On the other hand, it shifts towards blue-black 
with increasing concentration of developer. At an early 
stage of development, the color ratio (the ratio of the 
density measured at 400 my to that at 700 my) of the 
developed silver is large (the silver is yellow to red- 
brown in color); it decreases rapidly with continuation 
of development and reaches a limiting value (warm- 
black to blue-black) at longer development times. An 
increase in the potassium bromide concentration results 
in an increase in the color ratio. 


The Method of Processing Professional High Speed 
Ektachrome E-3 Film 

HipEsaBuRO GENDA, TomryA SAKAGUCHI, SOUICH 
Kuso, aNnD Kazumi Yosuipa (Chiba Univ., Matsude 
shi, Chiba Pref.), pp. 174-178 
The authors studied the effects of variations in the de 

velopment of Ektachrome E-3 film on the color balance. 
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The processing procedure followed, and the formulas for 
the first developer, hardening bath, clearing fixer, bleach 
bath, and stabilizing bath are given in English. Graphs 
and tables show the effect of variation in the time of first 
development on the gamma and relative sensitivity of 
the cyan, magenta, and yellow layers. The basic for- 
mula of the color developer was: sodium sulfite 2 grams, 
trisodium phosphate 40 grams, 0.1% KI solution 50 cc, 
NaOH 25 grams, Mydochrome 3 grams, water to make 
1000 cc. The authors studied the effects on the cyan, 
magenta, and yellow layer curves of increasing the con- 
centration of developing agent, adding benzyl alcohol 
and ethylenediamine sulfate, modifying the sulfite and 
iodide content, and adding potassium bromide. 

Ektachrome E-3 film was compared with E-2, and was 
found to possess better color reproduction characteris- 
tics; it has a wider range in the yellow layer and shows 
more faithful reproduction in the magenta layer. 


Studies on the Light Polarizer (IV). Composition of lodine 
Complex Salt Formed by the Color Reaction between 
Polyvinyl Alcohol and lodine 


Tsutomu YODA (Mitsubishi Electric Mfg. Co., Ofuna, 
Kamakura-shi, Kanagawa Pref.), pp. 179-182 


The state of the iodine in polyvinyl alcohol (PVA) 
films containing boric acid as addendum was studied by 
comparing the absorption spectra with that of solutions 
of PVA containing various ratios of iodine to iodide ion. 
The degree of polymerization of the PVA does not seem 
to affect the color formed by reaction with iodine, but 
the degree of saponification has a large influence. Two 
absorption maxima were observed at 480 mu and 600 mu. 
PVA of low degree of saponification gave only the 480 
mu, whereas that of high degree of saponification gave 
only the 600 mu maximum. Several I.-I~ complexes 
are shown to exist in PVA-iodine solutions, depending 
on the iodine content and the degree of saponification of 
the PVA. In stretched, polarizing PVA films of high 
degree of saponification, almost all the complex is I; ~. 


Semi Dry Rapid Processing for Photographic Paper by 
Stabilization Process 


YasusHI OHYAMA, pp. 183-186 
A review. 


Trudy Vsesoyuznoi Nauchno-Issledovatel’skogo 
Kinofotoinstituta 


No. 35 (1960) (in Russian) 


Abstracts translated from Teknika Kino i Televideniya 
by S. C. Goddard 


(Continued from Phot. Sci. Eng., 5: 318 (1961).) 


The Hardening of Photographic Materials 


Yu. B. Vitensxti, T. N. VERETENOvA, N. N. BuDARINA, 
AND L. F. PATRIKEEVA, pp. 70-73 


A method of hardening multilayer films by diffusion has 
been worked out and is recommended for all cases where 
the presence of the hardener in the coated emulsion for 
any length of time is undesirable. Hardening is carried 
out by coating a protective layer containing 1.0-1.5% 
gelatin and 0.2-0.7% chromium acetate. In order to 
Increase the rate of hardening, glycerin is added in some 
cases. It is observed that the method needs further 
improvement: hardeners exhibiting very fast hardening 
should be sought, and the choice of plasticizers needs 
consideration. 
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The Influence of Some Hydroxy Derivatives of 1,2-Benzo- 
3,4-Diazaindolizines on the Digestion of Photographic 
Emulsions 


Yu. SH. Mosukovskii AND M. VY. DricHMEisTER, 
pp. 74-81 


An experimental study has been carried out on the 
influence of a group of substances (including some known 
stabilizers) on the digestion of photographic emulsions. 
5-Methyl- and 5-phenyl-7-hydroxy-1,2-benzo-3,4-diaza- 
indolizine, in particular, show a strong retarding activity 
on digestion. These substances, however, did not stabi- 
lize an experimental iodobromide emulsion (negative 
emulsion) on accelerated incubation aging. 


The Change of Natural and Added Light Sensitivity of 
Photographic Materials on Storage 


S. M. SoLov’Ev AND N. M. PARFENOVA, pp. 82-87 


The change in the natural and added sensitivity of 
photographic materials during storage was investigated. 
For comparison, panchromatic and infrared materials, 
being the most convenient, were used. On aging, there 
is a parallel decrease in the natural and added sensitivity, 
but the sensitizing dye in.the layer was not destroyed. 


The Change in the Surface and Internal Photographic 
Characteristics on Accelerated Aging in a Thermostat 
and an Oxygen Atmosphere 


Yu. SH. Mosuxkovskii, pp. 88-94 


Separate experimental investigations were made on 
surface and internal photographic characteristics. The 
stabilizer influences the change in the internal photo- 
graphic properties which occurs on keeping the light- 
sensitive layer in the thermostat. 


A Study of the Processing of Reversal Film for Travelling 
Mattes 


A. M. CHURAEVA, pp. 95-102 


An experimental study was conducted to find the rela- 
tion between the change in concentration in potassium 
bromide in the “matte” developer and the solubility of 
silver bromide. 


A Test Object for Testing Aero Films 
S. M. SoLov’Ev, pp. 103-109 


A test object is described in which objects frequently 
encountered in aerial photography are represented. 


A Study of the Processing of High-Speed Panchromatic 
Aero Films: |—Specification of the Processing Con- 
ditions of Aero Film ina Manually Operated Developing 
Machine 


K. I. MARKHILEvicH, V. L. ABRITALIN, AND I. I. Py- 
ATKIN, pp. 110-116 


Reviewed is the literature on the influence of the de- 
gree of development of panchromatic aero film on re- 
solving power. A formula is proposed for the relation 
between the time of development and the length of the 
film, and the results of a test on the influence of the speed 
of rewinding on the sensitometric values are set out. 
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A Study of the Processing of High-Speed Panchromatic 
Aero Film: !|— Improvement of the Film Speed and Uni- 
formity of Development by Means of the Cyclic De- 
velopments of Aero Film 


K. I. MARKHILEVICH AND V. L. ABRITALIN, pp. 117-119 


In order to obtain a proportional increase in the co- 
efficient of contrast and speed with a permissible fog 
value, the method of cyclic development has been pro- 
posed for the PP-4M manual developing machine. The 
method gives positive results in increasing film speed and 
uniformity of development along the length of the film. 


A Study of the Processing of High-Speed Panchromatic 
Aero Film: II|—A Sensitometric Study of the Method of 
‘'Starved’’ Development of Aero Films 


K. I. MARKHILEVICH AND V. L. ABRITALIN, pp. 120-125 


A sensitometric study has been made of “starved” 
development of films under laboratory conditions, in 
which the quantity of developer is sufficient to develop 
the weakly exposed parts but insufficient for the strongly 
exposed parts, so that the latter do not completely de- 
velop. Formulae are given for the starved development 
method under laboratory conditions. The method 
makes it possible to increase the film speed in comparison 
with the usual method of development (at a single value 
of gamma), to increase photographic latitudes, and to 
increase the maximum density. Some growth in fog and 
an increase in the time of development are disadvantages 
of the method. 


The Resolving Power and Definition of the 
Photographic Image. 


G. A. Isromin, Tekh. Kino. i Televideniya, 5: 1-12, 
(February 1961) (in Russian). 


Factors affecting definition are discussed. The scat- 
tering of light in emulsions is treated by the method of 
Frieser, and the difficulty of accurately calculating re- 
solving power from Frieser’s constant, K, emphasized. 
Objective and subjective sharpness are distinguished, 
and the method of measuring acutance is discussed. The 
effect of the diffuse scattering of light on definition, and 
the effect of the contrast function on image sharpness 
and formation fine detail, are discussed. It is concluded 
that the resolving power is not always a reliable charac- 
teristic for evaluating the rendering of detail and image 
definition of a sensitive material or of the combination 
of objective and material. Considerations are developed 
which the author believes could form the basis of an ob- 
jective method which does not suffer from the limitations 
inherent in the determination of resolving power. Some 
practical cases are considered.—S. C. Goddard 


The Use of Polyethylene Packing for Increasing 
the Storage Life of Color Film Materials. 


F. S. SHERMAN AND I. M. FrRipmMan, Tekh. Kino. i 
Televideniya, 5: 13-18 (February 1961) (in Russian). 


The properties of polyethylene, particularly its per- 
meability to vapors and liquids, are discussed and experi- 
ments are described showing that the change of color 
in color films stored at high relative humidities and tem- 
peratures can be retarded by packing in polyethylene.— 
S. C. Goddard 
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Lenticular-Screen Cameras for High-speed 
Cinematography with Delayed Scanning. 


O. F. GREBENNIKOV, V. P. GusEv, ANDS. M. PRovornoy, 
Tekh. Kino. i Televideniya, 5: 55-60 (April 1961) (in 
Russian). 


The advantages of scanning by a rotating point raster 
in a high-speed camera are discussed and the properties 
of a series of lenses arranged round the disk in an Archi- 
medean spiral are considered. The construction of the 
RKS-11, developed at the Leningrad Institute of Cine- 
matograph Engineers, is then described. It is a camera 
in which a rotating mirror shutter, with a sector angle of 
180°, directs light from the objective along two paths 
alternately, each path ending in a rotating disk, of the 
type described above, and a photographic plate. It can 
be run at full speed while waiting for the shutter to be 
tripped by an electric pulse, synchronized with the event 
to be photographed. A range of speeds of 1000 to 
100,000 frames ‘sec is obtainable.—-S. C. Goddard 


The Applicability of the Calculative Method of 
Coating to the Coating of Emulsion on a 
Flexible Base. 


M. I. SHor anp A. YA. KISELEv, Tekh. Kino. i Televi- 
deniya, 5: 24-28 (April 1961) (in Russian). 


In their book, Physical Chemistry of Coating Thin 
Layers on a Moving Base (Moscow, 1959), Deryagin and 
Levi give equations from which the coating variables 
can be derived, so as to obtain, e.g., a pre-determined 
coating thickness. The applicability of the equations to 
the coating of several standard paper emulsions on paper 
base over a range of speeds has now been studied experi- 
mentally. The method was found to give good results 
for calculating the required emulsion temperature for 
medium speeds (8.5-10.5 m/min) of coating from an 
open trough, but was not applicable at slower speeds 
(6.2-6.5 m/min), or to coating from the closed trough 
invented by Shakirov. The cause of the discrepancy be- 
tween theory and practice is thought to be an incorrect 
treatment, in the original theory, of the effect of heat 
exchange.—-S. C. Goddard 


The Influence of Double Exposure on the Shape 
of the Characteristic Curve of Matrix Film. 


D. K. BataBukna, Tekh. Kino. i Televideniya, 5: 6-12 
(June 1960) (in Russian). 


Auxiliary exposures have been studied as a means of 
altering the shape of the characteristic curve of the 
matrix film used in imbibition printing of color films. 
A preliminary exposure through the base to light of the 
same spectral composition as that used in the main ex- 
posure, but of low intensity, was ineffective, but the 
same type of exposure made through the base a/ter the 
main exposure altered the shape of the characteristic 
curve in the sense of sub-proportional intensification. 
The gradient at the toe of the curve was increased, but in 
general y fell somewhat. Pre-exposure through the 
emulsion side increased effective speed and raised the 
gradient at the toe of the curve. A combination of pre- 
exposure through the emulsion side and post-exposure 
through the base should give a characteristic curve vety 
suitable for correct color reproduction by matrix film.— 
S. C. Goddard 
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« New Products and Developments 


FRANK SMITH 


eCameras and Accessories 


Remington Rand Systems 35mm Microfilm Camera 


Remington Rand Systems, Div. of Sperry Rand Corp., 
New York 17, has introduced the Model F 1088 Planetary 
35mm Microfilm Camera. The camera features auto- 
matic focus, 8-ft, 6-in., ceiling height requirement, and 
change from 8 to 30 times reduction by a push-button- 
operated electric motor. The camera is equipped with a 
50mm Elcan lens, and is also available with a 36X lens 
on a 9-ft, 6-in. pole to cover a 42 X 60-in. format. 

Illumination is provided by either projection flood 
lamps or fluorescent lamps, with the intensity of the 
lamps controlled by a variable transformer. Exposure is 
governed by an electrically operated shutter, controlled 
by an electronic timer. A transparent copy top with 
eight fluorescent lamps is supplied to back-illuminate 
transparencies and tracings. The copy holder is suction 
operated, and holds wrinkled or folded material flat during 
exposure. 


¢ Illumination 


Polaroid Tantalum Carbide Incandescent Lamp 


An experimental lamp which is 25% more brilliant 
and lasts from 50 to 100% longer than conventional 
lamps, was described in a paper entitled, ‘“‘Solid and Gas 
Phase Reactions In a Tantalum Carbide Incandescent 
Light Source,’””’ by Dexter P. Cooper, Jr., George R. 
Bird, and Leo Brewer, of the Polaroid Corp., Cambridge 
39, Mass., given at the 18th International Congress of 
Pure and Applied Chemistry, Montreal, Canada, August 
10, 1961. 

The authors state that lamps with the new kind of fila- 
ment are desirable in projectors for slides and films be- 
cause screen brightness cannot be increased merely by 
using more power but only by increasing the actual 
brightness of the surface of the filament. This increase 
in brightness can be obtained only by increasing the 
temperature at which the filament is operated. A con- 
ventional tungsten filament will melt and break at tem- 
peratures at which tantalum carbide filaments will 
operate successfully because tantalum carbide has an 
intrinsically higher melting point than tungsten. How- 
ever, tantalum carbide is unstable at high temperatures 
when operated in the nitrogen-argon atmosphere com- 
monly employed in tungsten lamps. An atmosphere of 
hydrocarbons and hydrogen allowed tantalum carbide 
flaments to be operated at very high temperatures with- 
out decomposition, but the heat conductivity of such an 
atmosphere caused excessive power losses. This problem 
was solved by using less hydrogen, and adding halogen 


Although the information contained in this section is compiled from 
sources believed to be reliable, the author cannot assume responsibility 
for its accuracy. Publication of the information here is not to be con- 
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acids, e.g., hydrogen chloride and hydrogen bromide, 
to the gas. The Polaroid scientists said they had made 
experimental tantalum carbide lamps that burned at 
3500 to 3600°K or 5480 to 5660°F. While the dif- 
ference in burning temperature is not great, it is in this 
area that small increases in temperature greatly increase 
brilliance. 

Initial application of the new lamp will probably be 
for projection, but auto headlights, flash light lamps, and 
stadium lights are under consideration. 


e Sensitive Materials 


Polaroid 10,000-Speed Scientific Film 


A film with a speed rating of 10,000 (ASA equivalent), 
designed for such specialized applications as recording 
short-duration oscilloscope traces, has been announced 
by Polaroid Corp., Cambridge 39, Mass. 

Designated as Polaroid PolaScope Type 410 Land Film, 
it will also find use in photomicrography, metallography, 
and high-speed photography, using Kerr cells and other 
special shutters. 

The film fits any oscilloscope, photomicrographic, or 
other special-purpose scientific camera equipped with a 
Polaroid Land roll-film back, and produces finished 
prints in 10 sec. 

Because of its high contrast, the film produces white 
traces against a black background, permitting accurate 
interpretation of recorded pulses. Although it is panchro- 
matic, the film is not recommended for general purpose 
photography because of its high contrast and grainy 
structure. 


e Miscellaneous 


Kodak Electron-Beam Photography Studies Aim Toward 
TV and Data Recording Uses 


Scientific work at the Kodak Research Laboratories, 
Rochester, N. Y., may lead to better methods of re- 
cording information relayed from satellites via television. 

Charles H. Evans and Andrew Tarnowski have been 
working since 1958 on ways to “‘write”’ with electrons on 
film. In ordinary TV recording, electrons emitted 
within the picture tube strike a phosphor screen and 
create visible light. The screen is then photographed to 
record the image. 

By removing the phosphor screen, scientists can use 
the electron beam to record directly on film. This 
eliminates energy losses and image degradation involved in 
taking pictures of the screen. ‘Because electrons have a 
greater effect than light on photographic film, a slow, 
fine-grain film can be used for the recording and thus 
greatly improve image quality,” Evans said. The 16 
mm film used in the experiments is 400 times slower than 
that normally used for kinescope recording. 

The recording film is loaded in a modified motion 
picture camera in a vacuum chamber at the screen end 
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of a cathode ray tube. Electrons are accelerated by 
voltage in the tube, and their movements are controlled 
by magnetic fields, just as in an ordinary TV picture tube. 
The film is scanned by the electron beam to create an 
image. 

The researchers have found that photographic factors 
such as contrast can be changed by varying the voltage 
used to accelerate the electrons in the tube. At present, 
resolution of the system is limited only by the size of the 
electron spot that scans the film. 

Possible uses for electron beam photography are: re- 
cording radar images, character generation in data 
processing machines, TV recording, and recording TV 
information from satellites. 


High-Speed Photo-Titling Unit Developed for 
U. S. Air Force 


A high-speed system for printing identifying informa- 
tion on aerial photographs has been developed by 
Eastman Kodak Co., in cooperation with Xerox, Inc. 
and Photomechanisms, Inc., for Melpar, Inc. The titler 
was designed as part of a data-handling system for the 
Convair B-58 Weapons System. 

The equipment eliminates time-consuming manual 
identification of millions of aerial photographs and prints 
captions with computer-like speed. The first installation 
can title negatives immediately after photographic 
processing at rates from 15 ft to 25 ft/min. The system 
is designed to utilize a battery of cameras linked elec- 
tronically to instruments in the aircraft. When a recon- 
naissance mission is flown, and photographs are taken 
of radar screens in the plane and of terrain below, a binary 
time code is recorded on the margin of the film as well 
as in the data block of flight information on the magnetic 
tape “flight log.””’ This binary code relates each photo- 
graph or group of photographs to corresponding informa- 
tion on the magnetic tape. 

Later, an electronic editing instrument searches for the 
film time-code that corresponds to that on the tape. 
When coincidence is found, the information on the 
proper section of the tape is converted to letters and num- 
bers, held in a memory unit, read out, and placed on the 
film as a title. 

In titling, a cathode ray tube is used to put images 
onto the light-sensitive surface of a rotating xerographic 
drum. The image is then developed and electrostatically 
transferred to the film’s emulsion surface, where it is 
fixed by chemical vapor. The equipment accommodates 
914 in., 70 mm, and 35 mm film. 


NBS Microcite Machine 


The National Bureau of Standards, Washington, D. C., 
has recently developed an electromechanical searching de- 
vice that has advantages for information retrieval in large 
collections of documents. The machine is based on the 
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“microcite” concept and employs a special punched-card 
technique known as “peek-a-boo.” The peek-a-boo 
technique uses punched cards, each of which represents 
an index word. The positions of holes in the card identify 
documents pertaining to the index word. One search 
technique, often referred to as the logical product, is 
performed by superimposing the appropriate peek-a-boo 
cards and noting the positions of holes that remain un- 
obscured by any of the selected cards. More complex 
logical operations can also be performed. In the ordi- 
nary use of the peek-a-boo system the position of a Lole 
is interpreted as a document serial number by means of a 
coordinate grid printed on the card or on a transparent 
overlay. The searcher is directed by these serial num- 
bers to a file (serial list) of citations and abstracts of the 
documents sought, or to a file of the documents them. 
selves. 

The microcite concept eliminates this latter step by 
immediately providing the searcher with a microfilm 
image of the citation and abstract. Instead of reading 
serial numbers, the searcher views directly at each hole 
position a description of a document emerging from the 
search. Ina preliminary model micro-images of citations 
and abstracts were reproduced on a film overlay and read 
at the holes with the aid of a microscope. Such a pro- 
cedure demonstrated the effectiveness of the microcite 
principle but would be relatively inefficient for large 
collections. 

The new microcite is a tool that could search millions 
of documents. In its particular application at the 
Bureau, it has been designed for sets of 18,000-document 
peek-a-boo cards with corresponding abstracts for each 
set carried in a 15-in.-square area of a sheet of photo- 
graphic film—the matrix. In operation the film matrix 
appropriate to the peak-a-boo set being searched is se- 
lected and mounted on a drum. The operator places se- 
lected peek-a-boo cards on an illuminated area of the 
machine and manipulates two control wheels to position 
a set of cursors on each illuminated hole in turn. Turm- 
ing the control wheels causes rotation and translation o 
the drum carrying the film matrix so that, as the cursor 
is set on each hole, a full-size focused image of the cita- 
tion and abstract corresponding to that hole is projected 
on a screen in front of the searcher. 

As the searcher proceeds, he can obtain a copy of any 
of the abstracts he desires by moving a lever to record 
the desired image on a roll of photosensitive paper. 

Alternately, he may note the serial number of the 
documents or may cause the serial numbers to be tran- 
scribed into punched tape or printed on paper tape. The 
electrically coded serial-number output that will be 
available for this transcription could also be fed into 
document-storage machine, such as are expected to be 
come available in the near future; this would provide 
copies of complete documents in response to serial num- 
ber input. 
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A NEW JOURNAL PS & E, Vol. 5, 1961 


eA New Journal 


Abstracts of Photographic Science and 
Engineering Literature 


Columbia University has established in the Department of Graphics 
of the School of Engineering and Applied Science a new educational 
publication devoted to photographic science, technology, and engi- 
neering. This journal, ‘Abstracts of Photographic Science and Engi- 
neering Literature,” will be published monthly in co-operation with 
the Society of Photographic Scientists and Engineers. It will provide 
a new educational abstracting and reference service and will supersede 
the two major sources of photographic abstracts in the United States, 
the Monthly Abstract Bulletin (from the Kodak Research Labora- 
tories) and Ansco Abstracts, which are currently suspending publica- 
tion. Plans call for the first issue to be out early in March, 1962, and 
the journal will be available throughout the world on a subscription 
basis. 

The new journal will carry a complete annual index of subjects, 
authors, and patents. The abstracts will be informative rather than 
merely indicative in character, and the journal will cover as com- 
pletely and promptly as possible the world literature of new informa- 
tion in the field. All information pertinent to both silver and non- 
silver photographic processes, as well as scientific and engineering 
applications, will be covered. 

Henry M. Lester, who has had 25 years experience as a publisher of 
books on photography and who has served as editorial manager of 
operations, handling abstracts, for McGraw-Hill Book Company, 
Inc., has been appointed Editor of the journal. Mr. Lester is a Fel- 
low of the Society of Photographic Scientists & Engineers. He also 
holds fellowships in the Royal Photographic Society of Great Britain, 
the Photographic Society of America, the Biological Photographers 
Association, and the New York Microscopical Society. Mr. Lester 
and his staff will have the co-operation of numerous experts in both 
academic and industrial organizations who will act as Abstractors and 
as Section Editors. The abstracts from periodicals, books, and pat- 
ents will be prepared by members of the SPSE, co-operating members 
of other societies and the photographic industry here and abroad, and 
the editorial staff. 

Further information can be obtained from the Editor, 


Henry M. Lester 
Columbia University 
632 West 125th Street 
New York 27, N. Y. 
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Fig. 18. Effect of Kodak Movie Film Cleaner (with Lubricant) on the 
scratch susceptibility of a black-and-white motion-picture negative 
film in a simulated practical handling situation. Film is drawn over a 
pad containing 0.015 to 0.025-in. corundum abrasive particles under 
approximately a 1000-gram load. This test simulates the abrasion 
occurring during the cleaning of film as the result of accumulation of 
abrasive on the cleaning pad. 


Photographic Science and Engineering deeply 
regrets the omission from page 296, Volume § 
Number 5 (September—October 1961), of the head. 
ings which identify the strips in Fig. 18 of “Teg 
Methods for Rating Abrasion Resistance of Photo 
graphic Film.” by J. F. Carroll and J.O. Paul. The 
corrected Fig. 18 is supplied here for pasting inty 
copies of P S & E or for inclusion when volumes ag 
bound. 
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